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GEOTECHNICAL MANUAL 
 
1. POLICY. 
 
 The Bureau of Materials and Physical Research, Division of Highways, will publish 

and maintain a Manual which establishes geotechnical policies consistent with the 
Standard Specifications for Road and Bridge Construction and provides uniform 
procedures for geotechnical practices.  The Manual will carry a title of 
Geotechnical Manual. 

 
 
2. PURPOSE. 
 
 The Geotechnical Manual will contain a compilation of policies and guidelines which 

will define the Illinois Department of Transportation Geotechnical practices relative 
to achieving maximum production and quality performance in highway projects, and 
promote uniformity in geotechnical practices. 

 
 
3. GUIDELINES FOR IMPLEMENTATION. 
 
 The policies and guidelines which constitute the Geotechnical Manual are effective 

on the date noted on the material itself.  The Manual covers subject areas such as: 
 
 A. Clarification of corresponding sections of the Standard Specifications for Road 

and Bridge Construction 
 
 B. Geotechnical Investigations 
 
 C. Geotechnical Analyses 
 
 D. Design Recommendations 
 
 E. Geotechnical Reports 
 
 F. Geotechnical Engineering for Construction 
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ABBREVIATIONS/DESCRIPTIONS
 

 
ABBREVIATIONS: 
 
The following is an alphabetical listing of abbreviations, acronyms, and shortened titles used in 
this Manual; followed by their full title: 
 
 
BBS — Bureau of Bridges and Structures, IDOT 
 
BCR — Bridge Condition Report 
 
BD & E — Bureau of Design and Environment, IDOT 
 
BMPR — Bureau of Materials and Physical Research, IDOT 
 
CCB — Coal Combustion By-Product 
 
DCP — Dynamic Cone Penetrometer 
 
DGE — District Geotechnical Engineer, IDOT 
 
Eq. — Equation 
 
FHWA — Federal Highway Administration 
 
FOS — Factor of Safety 
 
IBR — Illinois Bearing Ratio 
 
IBV — Immediate Bearing Value 
 
lbf & lbm —  Pound Force  & Pound Mass, respectively   
 
IDH — Illinois Division of Highways  
 
IDOT — Illinois Department of Transportation 
 
LL — Liquid Limit 
 
MPD — Mechanistic Pavement Design 
 
MSE — Mechanically Stabilized Earth 
 
N — Blow Count (The number of blows required to drive the sampler 300 mm (12 in.) in a SPT test.) 
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ABBREVIATIONS/DESCRIPTIONS
 

 
ABBREVIATIONS (Continued): 
 
OMC — Optimum Moisture Content (AASHTO T 99, unless otherwise specified) 
 
pcf — pounds per cubic foot 
 
PGL — Proposed Grade Line 
 
PI — Plasticity Index 
 
PL — Plastic Limit 
 
pp — pocket penetrometer 
 
PPG — Project Procedures Guide 
 
PR — Penetration Rate (The depth of penetration mm (in.) per blow in a DCP test.) 
 
psf — pound per square foot 
 

Qu — Unconfined Compressive Strength 
 
RE — Resident Engineer 
 
R.O.W. — Right-of-Way 
 
RSS — Reinforced Soil Slope 
 
SCP — Static Cone Penetrometer 
 
SDD — Standard Dry Density (AASHTO T 99, unless otherwise specified) 
 
SL — Shrinkage Limit 
 
SPT — Standard Penetration Test 
 
SSC — State Soils Committee 
 
SSM — Subgrade Stability Manual 
 
SSR — Subgrade Support Rating 
 
Standard Specifications — Standard Specifications for Road and Bridge Construction, IDOT 
 
tsf — tons per square foot 
 
USDA/SCS — United States Department of Agriculture/Soil Conservation Service 
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ABBREVIATIONS/DESCRIPTIONS
 

 
DESCRIPTIONS: 
 
The following common and miscellaneous soil descriptions are for information only: 
 
 

COMMON  SOIL  DESCRIPTIONS 
 
 

 SiL = Silt Loam 
 SiC  = Silt Clay 
 CL = Clay Loam 
 Sa = Sand 
 SiCL = Silt Clay Loam 
 C = Clay 
 L = Loam 
 SaL = Sandy Loam 
 SaC = Sandy Clay 
 SaCL = Sandy Clay Loam 
 Si =  Silt 
 Peat 
 
 
 
  
 
 
 

MISCELLANEOUS  SOIL  DESCRIPTIONS 
 
 

 
Alternating Layers Marbled Sand Lenses 
Blocky Structured Mottled Seams 
Calcareous Organic Secondary Structured 
Coarse Sand Oxidized Slickensided 
Crumbly Peaty Streaks 
Fine Sand Pockets Till 
Laminated 
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INTRODUCTION 
 
 
This manual has been prepared to serve as a guide and source of materials for individuals 
involved in the various geotechnical aspects of highway engineering in Illinois.  It is the product 
of IDOT, represented by the Geotechnical Manual Committee.  As such, this manual represents 
the current geotechnical policies and practices of IDOT. Most of the text in this Geotechnical 
Manual is based on information from the previous Soils Manual (superseded), with the following 
changes and additions:  
 

 1) The chapters have been reorganized in the sequence of performing a geotechnical 
project, from investigation (Chapter 1) to construction (Chapter  6). 

 

 2) This manual addresses two subjects for the first time:  foundations of highway 
structures and soil reinforcement. 

 

 3) It includes (in Appendix II) all IDOT modified test procedures. 
 

 4) The manual will be available on Adobe Acrobat for easier access. 
 
Subsequent modifications and revisions, where appropriate, will be supplied to the holders of 
this manual.  Every effort has been made to ensure that this manual is consistent with the 
Standard Specifications and all other applicable IDOT manuals.  If any discrepancy is noted in 
this manual, the user is advised to contact the manual editor (Riyad Wahab - BMPR) or the 
author(s) of the specific chapter/appendix, indicated below.  Each chapter or appendix has been 
authored by one or two members of the Manual Committee as follows: 
 
Chapter 1 - Geotechnical Investigation:  Tom Ripka (Bureau of Construction) 
 

Chapter 2 - Laboratory and Field Testing of Soils:  Riyad Wahab (BMPR) 
 

Chapter 3 - Geotechnical Analysis: 
   Section 3.1: Gordon Benson (District 6 Materials) 
   Section 3.2: Emile Samara  (BBS Foundations Unit) 
 

Chapter 4 - Design Recommendations:  Ed Frank  (District 1 Materials) 
 

Chapter 5 - Geotechnical Report:  Victor Modeer  (District Engineer - District 6) and 
            Mary Lamie (District 8 Program Development) 
 

Chapter 6 - Geotechnical Engineering for Construction:  Tom Baker (District 5 Materials) 
 

Appendix I - Geology and Pedology:  Alan Goodfield  (BBS Foundations Unit) and 
       Myrna Killey  (Illinois State Geological Survey) 
 

Appendix II - IBR/IBV Tests and Laboratory Evaluations/Design Procedures:  Riyad Wahab  
 

Appendix III - Miscellaneous Attachments to Chapter Two:  Emile Samara 
 

Appendix IV - Settlement Analysis Procedure:  Greg Heckel  (BMPR) 
 

Greg Heckel also prepared many graphs and helped transfer figures and graphs into the MS 
Word. Bibliography and Glossary were prepared (or revised from the previous manual) by 
different Committee members. Doug Dirks (BMPR) thoroughly reviewed the entire manual and 
provided valuable comments. Finally, in addition to her diligent typing efforts, Ms. Betty 
Cottingham (BMPR) provided valuable comments on the manual’s consistency, punctuation and 
grammar. 
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CHAPTER 1 
 

GEOTECHNICAL INVESTIGATIONS 
 
 
 
 
 
 
1.0 INTRODUCTION 
 
 A subsurface soil exploration program should provide sufficient information to design a 

cost effective roadway or bridge, with an adequate FOS against failure. 
 
 The purpose of this chapter is to provide guidelines to adequately assess the subsurface 

conditions on highway projects.  The success of the subsurface exploration program rests 
primarily with the personnel in the field who supervise the drilling operation, obtain and 
test the soil, and prepare the boring logs.  These personnel make crucial determinations of 
site and soil conditions, based on material encountered in the field.  They are required to 
modify the boring and testing frequency to provide the necessary data, in the time frame 
allotted. 

 
 This chapter is, therefore, designed primarily for their use in understanding the intent of 

the investigations.  It is also intended, to serve as a guideline for the geotechnical 
consultants, and to help them understand the subsurface exploration practices acceptable 
to IDOT. 

 
 The boring depth and spacing requirements contained herein are intended neither as a 

minimum nor a maximum, but as a guide to what normally will provide sufficient 
information to design a project.  The standard methods for conducting field tests are 
described in Section 2.3. 

 
 
1.1 REVIEW OF AVAILABLE INFORMATION 
 
 Illinois is exceptionally fortunate to have State organizations which have published 

geological, agricultural, and water surveys for many years.  These publications provide a 
wealth of information for nearly every part of the State.  Therefore, prior to initiating the 
field work for any project, a review of this literature, as well as previous studies done for 
and by IDOT, should be undertaken.  This literature survey should be followed by 
examination  of  boring  logs  and  well drilling  records  done  for  and by IDOT, as well as 
those available from the various State surveys. 

 
 Also, this information gathering could include a review of aerial photography; USDA/SCS 

reports; topographic, pedologic, bedrock surface, geologic, and quaternary deposits maps; 
and other pertinent studies which have been completed for and near the project site.  A 
partial listing of many of these publications is included in the Bibliography.  For those 
individuals unfamiliar with the geology of the State, Appendix I gives an overview of 
features which may be encountered.  IDOT is also working toward the implementation of a 
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Geographic Information System (GIS) that will eventually benefit the geotechnical field.  
The GIS would make it easy to review information at a specific area. 

 
 
 1.1.1 Aerial Photography 
 
  The first step in any site investigation should be the examination of the site's 

geography.  If possible, vertical aerial photographs at a scale of 1:20,000 or larger 
should be obtained.  The BD&E Aerial Surveys Section has photographs available 
at scales of 1:9,600 or larger.  Such photographs provide an ideal base for 
recording the planimetric information obtained during the field survey.  These aerial 
photographs may provide clues of features which may not be readily recognizable 
in the field; such as, old meander scars in an alluviated valley.  Thus, these 
photographs may assist in planning the boring program to delineate areas of 
possible concern.  If aerial photographs are not available at IDOT, USDA/SCS 
photographs provide complete coverage of the State. 

 
  Both IDOT and USDA/SCS photographs permit stereoscopic viewing of the site.  

Considerable information can be deduced by proper interpretation of air 
photographs. Thus, the time used for reviewing available aerial photographs may 
save considerable field time, and construction problems later. 

 
 
 1.1.2 Pedological Maps 
 
  County agricultural reports contain maps showing the location and extent of the 

various soil types that occur in that county.  The engineering characteristics of 
individual soil types are described in summary form in many of these reports.  
These maps generally extend to a maximum depth of 2 m (6 ft). 

 
  A report by Thornburn (1963) can be used to obtain information on the surface 

deposits of Illinois.  Also, Appendix I contains valuable information for interpreting 
the engineering characteristics of various soils commonly encountered in the State. 

 
 
 1.1.3 Geological Maps 
 
  A variety of maps and reports on the geology of most of the State are available 

from the Illinois State Geological Survey.  These reports show much of the 
Pleistocene deposits, as well as bedrock features which have been covered by this 
period of glacial activity.  A thorough search of the site's geologic data may provide 
an idea of the variety of deposits which may be encountered during the boring 
program.  In addition, a review of the oil and gas maps, mined-out area maps, and 
coal reserve maps may also give an indication of additional areas of concern. 
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1.2 FIELD INVESTIGATIONS 
 
 Following a review of the available information, a decision on the level of field investigation 

is made.  In the case of a corridor study, during the planning phase (Phase I), a minimum 
field investigation may be required.  Such investigation may consist of an examination of 
road cuts, quarries, gravel pits, strip mines, excavations, and the performance history of 
existing civil works.  However, the preliminary work of reviewing available information will 
often disclose areas in which one or more soil borings are essential to an understanding of 
the specific geologic conditions.  Such borings should be made, if at all possible, and the 
results incorporated into the corridor study report.  Designing either a roadway or structure 
requires a more rigorous field study.   

 
 In the design phase (Phase II), the objective of a subsurface exploration program is to 

furnish accurate and complete information.  Pavements and structure foundations are to 
be designed and built with safety and economy.  As a general rule, the exploratory 
program may be divided into two parts:  subgrade borings and structure foundation 
borings. 

 
 Subgrade borings are drilled primarily for the design of the pavement structure.  For this 

purpose, undisturbed or nearly undisturbed soil samples are normally not required.  The 
structure foundation borings are drilled for the design of bridge and other structure 
foundations.  Such borings may also include areas of deep cuts and high embankments.  
Structure borings may extend to considerable depths. 

 
 As mentioned earlier, the pedological maps can provide a basis for classifying soils for 

pavement design purposes in areas of nearly level terrain, where moderate to deep cuts or 
fills will not be required and a more rigorous study is not necessary.  If such an approach 
to soil exploration is utilized, the number of point investigations for subgrades can be 
reduced to a minimum, and the necessity of making borings at regular intervals is 
eliminated.  Nevertheless, a certain number of point investigations will be required, from 
which samples are taken for classification and testing in the laboratory.  A profile of the 
soils which influence the pavement structure can also be interpreted with the point 
investigations, to ensure consistency with the pedological maps. 

 
 
 1.2.1 Administrative Requirements 
 
  This section is provided to apprise the DGE and the field boring crews, or the 

consultants for IDOT, of the various requirements for securing subsurface data.  
The requirements stated herein may not be all inclusive.  They are provided as a 
basis for preparing a checklist of items which should be investigated prior to 
beginning any field studies.  This manual does not address sampling or testing 
requirements of hazardous or special waste materials.  The “Manual for 
Conducting Preliminary Environmental Site Assessments for Illinois Department of 
Transportation Highway Projects”, issued in 1996, contains information on 
subsurface investigation for some environmental purposes.  For further information 
on special waste (hazardous or non-hazardous) investigations, contact the BD&E. 
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1.2.1.1 General Requirements 
 
   a) Obtain all permits and licenses from the appropriate authorities.  

Obtain permission for any work to be done on public or private 
property. 

 
   b) Identify utilities in the area and maintain a safe working distance from 

both overhead and buried utilities.  If practical, have power lines de-
energized and grounded, or temporarily moved. 

 
   c) Determine if any environmental or archeological clearances are 

required; or commitments exist between IDOT and the property 
owner, and/or between the State and any other concerned agency. 

 
   d) Review the history of the land use, through IDOT’s Land Acquisition 

Bureau or previous land owner(s), to determine the potential for 
encountering any hazardous substances during the subsurface 
investigation. 

 
   e) Inform the drilling crew of any possibility of encountering hazardous 

substances during the subsurface investigation. 
 
   f) Determine if aquifers will be encountered, and what is the 

established water table elevation. 
 
   g) Observe and comply with all federal, state, and local laws, 

ordinances, and regulations which in any manner may affect the 
conduct of the work. 

 
   h) Ensure proper closure of all bore holes, according to applicable laws 

and regulations of the State and local agencies.  See Section 1.2.1.2 
for guidance. 

 
   i) Take reasonable precautions against damage to any public or private 

property.  Document damage, and promptly repair (or make 
arrangements to pay) for any such damage, according to IDOT 
requirements. 

 
   j) Determine grubbing necessary to provide access and working space 

at the location of each boring. 
 
   k) Ensure the drilling equipment is adequately tooled and powered, to 

drill and sample all of the anticipated soil and bedrock strata. 
 
   l) Check with the DGE before mobilizing, to determine if special drilling 

or sampling procedures will be required. 
 
   m) Questions and clarifications should be directed to the DGE.  The 

DGE may then refer the questions to the appropriate Bureau. 
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  1.2.1.2 Backfilling Borings 
 
   The following are recommended procedures for backfilling geotechnical 

borings.  These are intended for the typical situations indicated only.  
When greater than normal potential for contamination exists, the DGE 
should be contacted to determine the need for additional seals. Also, it is 
important for drillers to be familiar with AASHTO PP33-96 “Standard 
Guide for Decommissioning Geotechnical Exploratory Boreholes” and 
AASHTO R 21-96 “Standard Recommended Practice for Drilling for 
Subsurface Investigations - Unexpectedly Encountering Suspected 
Hazardous Material”. 

 
   a) Borings made in cohesive soils where no acquifers are encountered 

may be backfilled with auger cuttings. 
 
   b) Borings that intersect aquifers shall be backfilled with impervious 

grout seal or bentonite clay plug, at the top of each aquifer 
intersected, as the hollow stem augers or casings are extracted from 
a completed boring.  The remainder of the hole may be backfilled 
with auger cuttings. 

 
   c) Borings in alluvial valleys shall be backfilled with an impervious grout 

seal or bentonite clay plug, established at the water table elevation, 
as the hollow stem augers or casings are extracted from a completed 
boring.  The remainder of the hole may be backfilled with auger 
cuttings. 

 
    All impervious grout seals or bentonite clay plugs shall be constructed to 

prevent surface water, or water from shallow perched water tables from 
entering into aquifers, and prevent migration of water between aquifers. 

 
 
 1.2.2. Subgrade Borings 
 
  The locations and sampling frequencies for subgrade borings should be at such 

intervals as to allow the identification of all soil types, the water table elevation, and 
bedrock within the R.O.W. that would impact the proposed project.  Also, a soils 
profile is required to record the subgrade boring distribution, with respect to the 
proposed vertical and horizontal alignment of the roadway. 

 
  1.2.2.1 Spacing Requirements 
 
   In general, when deep cuts or high embankments are not anticipated, 

borings for a single pavement should be made at an interval of 100 m 
(300 ft).  If more than one pavement is proposed within the R.O.W., 
separated by less than a 35 m (120 ft) median, boring intervals may be 
increased to 200 m (600 ft) along each pavement.  They should be 
staggered at 100 m (300 ft) intervals between the two pavements.  Where 
the pavements are separated by more than 35 m (120 ft), both 
pavements should be drilled at intervals of 100 m (300 ft). 
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   In areas of little topographic relief and when soils conditions are uniform, 
the boring intervals may be increased to 150 m (500 ft) along a single 
pavement; or up to 300 m (1,000 ft) staggered for two pavements, if 
separated by not more than 35 m (120 ft).  In areas where the roadway 
will be in a cut, or a high embankment, or where a complex subsurface 
profile is encountered, the boring interval should be spaced more closely. 
Also, additional borings should be made in areas where there are 
transitions from one soil type to another, or when small areas of different 
soil types may be encountered. 

 
  Using the aerial photographs as a guide, it is quite possible that a number 

of borings will be made in order to delineate soil boundaries from which 
no test samples will be taken. The principal objective remains, to correctly 
map the various soil types as they are encountered along the R.O.W. 

 
  1.2.2.2 Depth Requirements 
 
  In general, borings should be deep enough to penetrate the major 

horizons of the soil profile.  Normally, a depth of 1.5 to 2 m (5 to 6 ft) will 
be sufficient.  In some cases, however, especially when the soil is 
composed of more than one parent material; such as, loess over glacial 
till or bedrock, some borings should extend at least to the contact 
between the two materials. 

 
   In areas where moderate cuts or fills are anticipated, the borings should 

penetrate a minimum of 2 m (6 ft) beneath the crown grade or elevation of 
the deepest excavation; or to a minimum depth of 2/3 of the height of the 
proposed embankment. For fill and cut areas over 4.5 m (15 ft), the 
boring depths and spacing should be according to Section 1.2.3. 

  
  1.2.2.3 Sampling Requirements  
 
   The sampling and testing requirements, as well as the type of borings, 

depend on the subgrade boring objectives, which should be defined by 
the geotechnical engineer prior to the field investigation. 

 
   For pavement design, samples from the proposed subgrade should be 

taken at every change in soil type or every 5 borings.  They should be 
tested for PI, particle size, and IBR.  If needed, soil should also be 
sampled for soil-lime (or other additive) mix design.  Samples, for 
moisture content determination, should also be taken at the proposed 
subgrade, at every 0.5 m (2 ft) depth, and at every change in soil type. 

 
   The particle size analysis will be used in the SSR chart for pavement 

design.  Therefore, the test samples should be representative of the 
subgrade soil from 0 to 600 mm (0-24 in.) below the bottom of the 
proposed pavement. 

 
   To estimate the quantity of subgrade treatment needed, a variety of 

exploration methods for estimating the subgrade strength and stability 
have been used.  These methods include: pp readings on the auger 
cuttings (in auger borings); field Qu tests on split-spoon samples by using 
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a Rimac spring tester; pp readings on split-spoon samples; and the DCP 
or SCP tests on proposed subgrade soils, in fairly shallow cut areas. 

 
   These practices appear to serve the intended purpose for this kind of 

investigation.  However, there is not an adequate data correlation 
between the actual in situ soil strength and the pp readings on the 
“entirely disturbed” auger cuttings.  For this reason, approval of the DGE 
is required for pp readings on auger cuttings. 

 
 
 1.2.3 Borings for Fill and Cut Areas 
 
  Areas which have a fill height or cut depth greater than or equal to 4.5 m (15 ft) will 

require slope stability analysis.  The exploration program should be supplemented 
by stability borings, as explained in the following subsections. 

 
  1.2.3.1 Spacing Requirements 
 
   If the crown grade of the proposed roadway is to be excavated to a depth 

greater than or equal to 4.5 m (15 ft),  the line boring interval should be 30 
m (100 ft) or less.  Multiple pavements may be treated as previously 
described in Section 1.2.2.1, with at least one boring made at the deepest 
cut. 

 
   When the roadway embankment will be greater than or equal to 4.5 m (15 

ft) in height, the maximum boring interval should be 60 m (200 ft) along 
the centerline of single pavements, or along the median if the 
embankment will support dual pavements.  If the soil profile is quite 
variable or if the borings do not reveal a consistent pattern of weak or 
compressible materials, then additional borings should be made to 
delineate the depth and extent of such unstable materials.  A minimum of 
one boring should be made at the greatest height of the embankment. 

 
  1.2.3.2 Depth Requirements 
 
   In cut areas, stability borings should penetrate to a minimum depth below 

crown grade of one-half the depth cut, or to bedrock, whichever is 
encountered first.  In all cases, the boring should terminate at a minimum 
of  1.5 m (5 ft),  into cohesive material having a minimum Rimac or Shelby 
Tube  Qu  of 96 kPa  (1 tsf),   or into  granular materials having a N value 
of 12.  If the cut is to be less than 4.5 m (15 ft) in depth, the borings 
should extend to a depth of 2 m (6 ft) below the proposed crown grade.  
In this case, the number and spacing of the stability borings should be 
based on the complexity of the soil and rock profile. 

   In fill areas, stability borings  should extend to a minimum depth of 2/3 the 
height of the proposed embankment.  If bedrock is encountered at a 
lesser depth, the borings may be terminated.  The presence of bedrock 
should be verified by either a geologic map during the review stage, or 
drilling an extra 1 m (3 ft).  If the initial borings or geologic conditions 
warrant  deeper borings,  they should terminate at a minimum of  1.5 m (5 
ft), into cohesive  materials having a minimum Rimac or Shelby tube Qu of 
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96 kPa (1 tsf), or into granular materials having a minimum N value of 12.  
The number and spacing of the stability borings for embankments less 
than 4.5 m (15 ft) in height shall be determined as discussed in the 
previous paragraph for shallow cut sections. 

 
  1.2.3.3 Sampling Requirements 
 
   For slope stability analysis in fill or cut areas, Shelby tube samples or 

split-spoon samples should be taken, depending on the soil type.   
Generally, in sandy soils, split-spoon samples are preferred.  In cohesive 
silty and clayey soils, the Shelby tube samples are more reliable.  Other 
relatively undisturbed sampling systems, may also be used at the 
discretion of the DGE.  If these systems are used, the wall thickness of 
the tubes should result in an area ratio (Ar) which does not exceed 30 %. 

 
   The area ratio is defined as the ratio of the volume of soil displacement, 

to the volume of the collected sample, and it is expressed as: 
 
 
 
    Ar (%)  =    D²0 - D²i        X 100                                       Eq.  1-1 

D²i 
 
 
    Where: Ar = Area ratio 
     D0 = Outside diameter of tube 
             Di = Inside diameter of cutting edge 
 
 
   An area ratio of 100 % means that the in situ soil was displaced by a 

volume equal to that of the collected sample.  Well designed tubes have 
an Ar less than 10 %. 

 
 
 1.2.4 Borings for Structures 
 
  A split-spoon boring (or SPT) for structure foundations is traditionally referred to as 

a “structure” boring, by IDOT.  For the past several decades, it has been the 
practice to advance (structure) borings at appropriate locations, determine the N 
value, and extract split-spoon soil samples.  Cohesive soil samples are tested in 
the field for Qu, using an IDOT approved, gear-modified Rimac spring tester as 
described in Section 2.3.3. The samples are visually described (i.e. color, texture, 
relative density or consistency) and recorded in the boring log.  Representative 
samples are then returned to the lab for moisture content determination. 

 
  The usual vertical spacing of the samples is 750 mm (30 in.) from the beginning of 

one sample interval to the beginning of the next, from the ground surface to 9 m 
(30 ft).  The interval thereafter may be increased to 1.5 m (5 ft) between samples. 
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  The boring is advanced to a depth which will provide sufficient information to 
address bearing and settlement.  Nominal boring depths for different types of 
structures are included in the following sections.  However, field judgment will be 
necessary to develop the boring program, and to present satisfactory data for the 
probable choice(s) of foundation treatment.  Details of these treatments are 
included in Chapter 4. 

 
  1.2.4.1 Foundation Boring Requirements 
 
   The following series of guidelines were compiled to enable the Districts to 

secure foundation borings, at the earliest stage possible in the project 
development.  Using the drawings and the approximate abutment 
stations, culvert or wall lengths from the BCR, the subsurface exploration 
program should be developed as follows. 

 

   Note:  Suggested boring locations may also be provided by BBS as part 
of their review comments. 

 
   It is recognized, that the following designated boring locations are 

idealized and may not be achieved for some projects, due to terrain 
and/or stream conditions.  In such cases, the DGE should exercise 
judgment and place the borings in the most appropriate locations 
possible. 

 
   When the structure borings indicate the presence of low strength and/or 

compressible soils, and a new or higher embankment is called for, 
undisturbed Shelby tube sample borings should be made, as required in 
Section 1.2.5.2. 

 
   If bedrock is encountered at a boring site within the normal depth of the 

boring,  a minimum of one boring should be cored to a minimum depth of 
3.0 m (10 ft) into bedrock.  If the boring data indicates the likelihood that 
one or more substructure units will be founded on spread footings in rock, 
then  each  boring, at such a unit, should be cored to a minimum depth of 
3.0 m (10 ft) into bedrock. 

 
   If hard drilling (N > 60) in glacial till, or very dense granular soil, is first 

encountered at the required termination depth of a structural boring; that 
boring should  be  extended a minimum of four sampling increments, or 
3.0 m (10 ft) through the deposit. 
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  1.2.4.2 Borings for Bridges 
 

   a) Take one split-spoon boring at each abutment location, and one 
boring at each  pier  location, if known.  For example, dual structures 
would require four abutment borings, plus multiple pier borings. 

 

   b) Since the location and number of piers are not established at the 
BCR stage, take additional borings according to the following 
schedule: 

 

    1) If the total bridge length is less than 15 m (50 ft), no additional  
     borings. 
 

    2) For  a total bridge length of  15 m (50 ft)  but less than 30 m 
(100 ft), take an additional boring at mid-point. 

 

    3) For a total bridge length of 30 m  (100 ft) but less than 45 m 
(150 ft), take additional borings at third point distances. 

 

    4) For a total bridge length of  45 m (150 ft) but less than 75 m 
(250 ft), take additional borings at 25 m (75 ft) intervals. 

 

    5) For a total bridge length of 75 m (250 ft) or more, consult BBS. 
 

    6) For major river bridges, BBS should review and approve the 
soils exploration plan, which is normally developed by 
consultants. 

 

    7) When BBS anticipates deviations from the above guidelines, the 
BCR approval memorandum shall note the approximate number 
and locations of borings. 

 

    8) The boring locations shall be in a staggered pattern at adjacent 
substructure units, preferably located at the quarter point 
distances. 

 

   c) Unless rock is encountered first, all structure borings should be 
drilled  to a depth that will  achieve a  minimum capacity of 580 kN 
(65 ton)  for a  305 mm  (12 in.)  diameter metal shell pile.  For 
cohesive soils, pile capacity is derived from the allowable side 
resistance  and  end  bearing  given  in  Tables 1-1(a)  or 1-1(b).  For 

 
    granular materials and hard tills, the capacity is derived from the 

allowable side resistance given in Tables 1-2(a), or 1-2(b).  When the 
boring penetrates a compressible soil unit, the pile capacity above 
this unit should be discounted for determining the required boring 
depth.  As a guideline, a compressible soil unit is a cohesive soil with 
a Rimac Qu of 20 kPa (0.20 tsf), moisture content of 25 % or higher, 
and the proposed fill height is 4.5 m (15 ft). 

 

   d) In high seismic areas of the State, namely Districts 7, 8, and 9, at 
least one bridge structure boring should be extended to bedrock, 
whenever feasible.  If not, the boring should be made deep enough 
to allow a  305 mm  (12 in.)  metal shell pile  to achieve  a 580 kN (65 
ton) bearing, as defined in 1.2.4.2 c), below potentially liquefiable 
layers in the upper 12 m (40 ft) of the natural soils profile. 
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    Particle size analysis should also be performed on representative 
samples of soils suspected to be liquefiable. 

 
   e) When  the  proposed  bridge  width  is  greater  than   23 m  (76 ft),  2 

borings (towards each end) should be made for each substructure 
unit. 

 
   f) When an existing bridge is to be widened on both sides, it should be 

considered as a dual structure when the width of the existing bridge 
is greater than  23 m (76 ft).  When the existing bridge is less than 23 
m (76 ft), the type of existing foundation will govern:  drill borings for 
spread footings, as a dual structure; and for piles or drilled shafts, as 
a single structure. 

 
   g) Rock drilling should be conducted when piles or drilled shafts are to 

bear on/in bedrock.  Rock cores  should be  obtained when bedrock 
is less than 4.5 m (15 ft)  below stream bed, or the ground surface  is 
at least  4.5 m (15 ft) above sound bedrock.  The cores shall extend 
4.5 m (15 ft) into bedrock. 

 
  1.2.4.3 Borings for Culverts 
 
   Estimate the culvert length and plan a boring program according to the 

following schedule: 
 
   a)  Take one boring at each end of the culvert, in a staggered pattern. 
 
   b) If the culvert is skewed, the two end borings should be obtained 

adjacent to the locations of the two longest wingwalls.  These 
locations should be on the longest diagonal axis of the culvert. 

 
   c) If  horizontal  cantilever  wingwalls  are  anticipated  with  a  length,  L 

less than 4.2 m (14 ft), and stage construction is required, no 
wingwall borings would be needed.  However, at least one boring 
should be made, as close as possible, to the roadway/culvert 
centerline.  The soils information from such a boring will be 
necessary for the design of stage construction sheet piling, or other 
shoring methods. 

 
   d) If culvert length is from 23 m (75 ft) to 45 m (150 ft), take an 

additional boring at mid length. 
 
   e) Take an additional boring for each culvert length increase of 23 m 

(75 ft) increments.  The borings should be spaced, as evenly as 
possible, along the length of the culvert. 
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Table 1-1(a)  Allowable Side Resistance and End Bearing 
of a 

305 mm Diameter Pile in Cohesive Soils, 
as a 

Function of the Qu, in SI Units 
 

{Derived from Figures 3.2 and 3.3} 
 
 
 

 
Rimac 

Qu 
(kPa) 

 
Allowable 

Side Resistance 
(kN/m pile length) 

 
Allowable 

End 
Bearing 

(kN)  
  20 3.4 2.8 
  40 6.5 4.4 
  60 9.4 6.6 
  80 12.0 8.8 
100 14.4 11.0 
120 16.6 13.2 
140 18.6 15.3 
160 20.4 17.5 
180 22.3 19.7 
200 24.1 21.9 
225 26.3 24.7 
250 28.4 27.4 
275 30.5 30.2 
300 32.5 32.9 
350 36.2 38.4 
400 39.6 43.8 
450 42.7 49.3 
500 45.5 54.8 
550 48.1 60.3 
600 50.3 65.8 
650 52.2 71.2 
700 53.8 76.7 
750 55.2 82.2 
800 56.2 87.7 
850 56.9 93.2 
900 57.3 98.6 
950 57.5 104.1 

1000 57.8 109.6 
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Table 1-1(b) Allowable Side Resistance and End Bearing 

of a 
1 ft Diameter Pile in Cohesive Soils, 

as a 
Function of the Qu, in English Units 

 
{Derived from Figures 3.2 and 3.3} 

 
 

 
Rimac 

Qu 
(tsf) 

 
Allowable 

Side Resistance 
(tons/ft pile length) 

 
Allowable 

End 
Bearing 
(tons)  

0.20 0.11 0.24 
0.40 0.21 0.47 
0.60 0.31 0.71 
0.80 0.40 0.94 
1.00 0.48 1.18 
1.20 0.55 1.41 
1.40 0.62 1.65 
1.60 0.68 1.88 
1.80 0.74 2.12 
2.00 0.80 2.35 
2.25 0.87 2.65 
2.50 0.94 2.94 
2.75 1.01 3.24 
3.00 1.08 3.53 
3.50 1.20 4.12 
4.00 1.32 4.71 
4.50 1.42 5.29 
5.00 1.52 5.88 
5.50 1.61 6.47 
6.00 1.69 7.06 
6.50 1.75 7.65 
7.00 1.81 8.24 
7.50 1.86 8.84 
8.00 1.90 9.41 
8.50 1.93 10.00 
9.00 1.95 10.59 
9.50 1.97 11.18 

10.00 1.97 11.78 
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Table 1-2(a) Allowable Side Resistance 

of a 
305 mm Diameter Pile in Granular Materials and Hard Tills, 

 as a 
Function of the N Value 

 
{Derived from Figure 3.1} 

 
 
 

Allowable Side Resistance (kN/m pile length) 
 

SPT 
N Value 
Blows/ 
305 mm 

 
 
 

Hard 
Clay Till 

 
 

Very Fine 
Silty 
Sand 

 
 
 

Fine 
Sand 

 
 
 

Medium 
Sand 

Clean, 
Medium 

To 
Coarse 
Sand 

 
 
 

Sandy 
Gravel 

2 N/A 3.1 3.4 3.6 3.9 4.6 
4 N/A 6.1 6.7 7.2 7.8 9.2 
6 N/A 9.2 10.1 10.7 11.7 13.8 
8 N/A 12.2 13.4 14.3 15.7 18.3 

10 N/A 15.3 16.8 17.9 19.6 22.9 
15 N/A 22.9 25.2 26.8 29.3 34.4 
20 N/A 30.5 33.6 35.8 39.1 46.0 
25 N/A 38.2 42.0 44.7 49.6 59.1 
30 31.9 46.0 50.9 56.1 63.9 78.7 
35 38.0 55.1 62.5 70.8 81.9 104.9 
40 45.1 65.5 77.4 88.7 103.4 137.5 
45 53.2 77.4 94.6 109.6 128.5 183.4 
50 62.4 90.9 113.3 133.6 157.1 229.3 
55 72.7 106.0 133.1 160.2 187.2 275.1 
60 84.0 123.0 153.8 187.4 217.3 321.0 
65 96.3 141.7 175.1 214.6 247.4 366.8 
70 109.7 162.2 200.6 241.8 277.6 412.7 
75 124.0 184.5 225.7 269.0 307.7 458.5 
80 139.5 207.3 250.9 296.2 337.8 504.4 
85 156.0 230.0 276.0 323.4 367.9 550.3 
90 173.5 252.7 301.2 350.6 398.0 596.1 
95 192.0 275.4 326.3 377.8 428.1 642.0 

100 211.6 298.1 351.4 405.0 458.2 687.8 
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Table 1-2(b) Allowable Side Resistance 
of a 

1 ft Diameter Pile in Granular Materials and Hard Tills, 
as a 

Function of the N Value 
 

{Derived from Figure 3.1} 
 
 
 
 

Allowable Side Resistance (tons/ft pile length) 
 
 

SPT 
N Value 
Blows/ft 

 
 
 

Hard 
Clay Till 

 
 

Very Fine 
Silty 
Sand 

 
 
 

Fine 
Sand 

 
 
 

Medium 
Sand 

Clean, 
Medium 

To 
Coarse 
Sand 

 
 
 

Sandy 
Gravel 

2 N/A 0.1 0.1 0.1 0.1 0.2 
4 N/A 0.2 0.2 0.2 0.3 0.3 
6 N/A 0.3 0.3 0.4 0.4 0.5 
8 N/A 0.4 0.5 0.5 0.5 0.6 

10 N/A 0.5 0.6 0.6 0.7 0.8 
15 N/A 0.8 0.9 0.9 1.0 1.2 
20 N/A 1.0 1.2 1.2 1.3 1.6 
25 N/A 1.3 1.4 1.5 1.7 2.0 
30 1.1 1.6 1.7 1.9 2.2 2.7 
35 1.3 1.9 2.1 2.4 2.8 3.6 
40 1.5 2.2 2.7 3.0 3.5 4.7 
45 1.8 2.7 3.2 3.8 4.4 6.3 
50 2.1 3.1 3.9 4.6 5.4 7.9 
55 2.5 3.6 4.6 5.5 6.4 9.4 
60 2.9 4.2 5.3 6.4 7.4 11.0 
65 3.3 4.9 6.0 7.4 8.5 12.6 
70 3.8 5.6 6.9 8.3 9.5 14.1 
75 4.2 6.3 7.7 9.2 10.5 15.7 
80 4.8 7.1 8.6 10.1 11.6 17.3 
85 5.3 7.9 9.5 11.1 12.6 18.8 
90 5.9 8.7 10.3 12.0 13.6 20.4 
95 6.6 9.4 11.2 12.9 14.7 22.0 

100 7.2 10.2 12.0 13.9 15.7 23.6 
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   f) For culverts with embankment heights of 9 m (30 ft) or greater, 

consult with BBS. 
 

g) All culvert structure borings should be drilled to a depth that will 
provide 270 kN (30 tons) minimum bearing for a 305 mm (12 in.) 
diameter metal shell pile, or to a minimum depth of 1.5 times the fill 
height  (the  distance  between  the  proposed  crown  grade  and the 
flowline), or to a depth equal the culvert footing width (begin the 
measured depth at  the culvert bottom of the footing); whichever is 
deeper. 

 
  1.2.4.4 Borings for Retaining Walls 
 
   The final design of a wall type, location, and limits is often not complete at 

the early stages of a project.  Therefore, the Project Report and any other 
preliminary analyses or information which give indications of likely wall 
heights and locations (stations, offsets, and lengths) should be used.  The 
following general guidelines should be used, to develop an adequate 
subsurface investigation: 

 
   a) Take a minimum of 2 borings per wall. 
 
   b) For walls less than or equal to 6 m (20 ft) in height, use a maximum 

boring spacing of 23 m (75 ft). 
 
   c) For  wall  heights  greater than 6 m  (20 ft), use a maximum boring 

spacing of 15 m (50 ft). 
 
   d) If possible, one boring should be located near the expected highest 

portion of the wall. 
 
   e) The above borings should be located along the proposed wall face.  

Additional borings should be taken behind the wall within the R.O.W. 
limits, at a sufficient distance to define the soil profile in the 
transverse direction to the wall.  If the wall is situated close to the 
R.O.W., it may be necessary to drill outside the R.O.W. limits, to 
properly define the soil profile behind the wall. 

 
   f) Borings should be continued to sufficient depths, well below the 

anticipated wall bottom, to determine the complete subsurface profile 
behind and below the anticipated wall and allow the estimation of pile 
lengths, if necessary.  At a minimum, the boring should be completed 
to a depth of 2/3 the anticipated wall height, below the bottom of the 
wall footing.  The boring depth for sheet piling should extend to a 
minimum of 2 times the exposed wall height. 
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1.2.5 Special Investigations 
 
  1.2.5.1 Borings for Traffic Structures 
 
   A boring program is needed for sign trusses, high mast lighting, or other 

traffic structures which require shaft foundations.  A major concern is to 
have  adequate foundation depth to resist an overturning moment, due to 

   wind loads.  In the case of single support cantilevered signs, the rotational 
forces are important. 

 
   The designer of sign foundations should provide a preliminary design of 

the foundation, based on an assumed minimum soil strength.  The boring 
data either verifies the assumed minimum soil strengths to the depths 
necessary, or provides the designer with the additional soil data to modify 
the foundation. 

 
   A split-spoon (structure) boring should be drilled, at the foundation 

location, to a depth of at least one sample interval beyond the assumed 
shaft depth “D”.  The results of the SPT (N value), and the Rimac Qu tests 
should be recorded on the boring logs.  Samples should be taken to the 
lab for moisture content determination.  The Qu values should not be 
obtained from the pp test on auger cuttings.  This may be done only if the 
boring location cannot be accessed by a drill rig, in which case a hand 
auger  has to be used instead.   In soft clays,  the Qu  obtained from the 
pp test on auger cuttings significantly underestimates the actual in situ 
soil strength.  This would unnecessarily require a deeper boring and a 
larger foundation size. 

 
   The shaft depth “D” is computed by the designer, for each shaft 

foundation, based on the foundation load.  The designer assumes a 
cohesive soil strength greater than or equal to 120 kPa (1.25 tsf), or a 
cohesionless soil with N value greater than 18. 

 
   For cantilevered overhead sign trusses, the shaft depth varies from 3.7 m 

(12 ft) to 8.2 m (27 ft) depending on the truss type.  Contact the designer 
to obtain the actual shaft depth “D”.  Drill the boring to a minimum depth 
of one sample interval beyond “D”, and determine the average Qu (or N 
value) for all layers sampled.   If the Qu for a cohesive soil is less than 120 
kPa (1.25 tsf), or N is less than 18, use Figure 1-1 to determine the 
minimum required boring depth by entering the average Qu into the chart. 

 
   For  a  cohesionless  soil,  assume  the  average         Qu (tsf)   =   N avg. 

                         15 
 
   and enter the value into the chart to determine the boring depth.  If the 

average Qu is less than 50 kPa (0.52 tsf), stop the boring and inform the 
designer.  If the minimum required boring depth is less than the drilled 
depth, stop the boring.  Otherwise, continue drilling to the minimum 
required depth and repeat the process. 
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   For traffic signal mast arm foundations, drill the boring to a minimum of 
4.5 m (15 ft) and obtain the Qu for all layers.  For a cohesive or 
cohesionless soil, follow the instructions in the previous paragraph, Using 
Figure 1-2, to either terminate the boring or continue drilling.  In all cases, 
stop  the  boring  if  the  average Qu for all layers is less than 40 kPa (0.42 
tsf) and inform the designer. 

 
   For high mast lighting towers, use Table 1-3 (a or b) to obtain the 

minimum required boring depth. 
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Figure 1-1.  Required Boring Depth Versus Qu, for Cantilevered Overhead Sign Trusses. 
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  1.2.5.2 Shelby Tube Borings 
 
 Shelby tube borings are drilled in order to obtain relatively undisturbed 

soil samples for more detailed testing.  Generally, Shelby tubes are taken 
in weak cohesive soils.  They are necessary when embankment slope 
stability and/or settlement are judged to be marginal, or below design 
standards.  The accepted IDOT practice is undisturbed Shelby tube 
sampling and laboratory testing would be necessary if the stability 
analysis, based on split-spoon samples, yields a safety factor less than 
1.5 for embankments, or 1.7 for cut slopes.  For slope stability and 
settlement analyses: unconfined (laboratory) compression tests, triaxial 
compression tests, unit weight tests, moisture content tests, and visual 
soil descriptions (i.e. color and texture) are performed.  PI and particle 
size analysis tests may be performed.  For settlement analysis, 
consolidation tests are also performed. 
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 Figure 1-2.  Minimum Required Boring Depth Versus Average Qu, for Traffic Signal Mast Arm 
Foundations 
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Table 1-3   Minimum Required Boring Depth Requirements 

for 
High Mast Lighting Towers, 

as a 
Function of Proposed Tower Height and Average Soil Strength. 

[(a) - SI Units]        [(b) - English Units] 
 
 
 

 
(a) 

PREDOMINANT SOIL TOWER HEIGHT (m)
Type Qu (kPa) or 24 27 30 33 36 39 42 45 48

N (blows/0.3m)

Cohesive 48<Qu<72 4.5 5.0 5.5 6.0 6.0 6.5 7.0 7.5 7.5
72<Qu<96 4.0 4.0 4.5 5.0 5.5 5.5 6.5 6.5 6.5
96<Qu<144 3.5 4.0 4.0 4.5 4.5 5.0 5.5 6.0 6.0

144<Qu<239 3.5 3.5 3.5 4.0 4.0 4.5 5.0 5.0 5.0
239<Qu<383 3.0 3.0 3.5 3.5 3.5 4.0 4.0 4.0 4.5

Granular 4<N<10 3.5 3.5 3.5 4.0 4.0 4.0 4.5 5.0 4.5
10<N<19 3.0 3.5 3.5 4.0 4.0 4.0 4.5 4.5 4.5
19<N<30 3.0 3.5 3.5 4.0 4.0 4.0 4.5 4.5 4.5
30<N<50 3.0 3.5 3.5 3.5 4.0 4.0 4.0 4.5 4.5  

 
 
 
 

(b) 
PREDOMINANT SOIL TOWER HEIGHT (ft)
Type Qu (tsf) or 80 90 100 110 120 130 140 150 160

N (blows/ft)

Cohesive 0.5<Qu<0.75 15 16 18 19 20 21 23 25 25
0.75<Qu<1.0 13 14 15 16 17 18 19 21 22
1.0<Qu<1.5 12 13 14 15 16 16 18 19 20
1.5<Qu<2.5 11 12 12 13 14 14 16 17 17
2.5<Qu<4.0 10 10 11 11 12 13 13 14 15

Granular 4<N<10 11 11 12 13 14 14 15 16 15
10<N<19 10 11 12 13 13 13 14 15 15
19<N<30 10 11 12 13 13 13 14 15 15
30<N<50 10 11 12 12 13 13 14 15 14  
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   If low strength, compressible soils are encountered, and the boring is at 
or adjacent to a new or higher proposed fill, the DGE should be contacted 
to determine if undisturbed samples should be obtained for additional 
testing.  If time does not permit a more rigorous analysis, critical soil 
strengths can be approximated by the equation: 

 
 
    Qu crit. (kPa) = Fill Height (m) x 9  or Eq.  1-2 
 
    Qu crit. (tsf)  = Fill Height (ft) ÷ 35 Eq.  1-3 
 
 
   When the Qu for the structure boring is less than the Qu critical, Shelby 

tube borings should be made and analyzed for stability. 
 
   Also, as a rule of thumb, Shelby tubes are required to accurately quantify 

settlements, when the fill height is greater than 4.5 m (15 ft) and the 
moisture content is in excess of 25 %. 

 
  1.2.5.3 Bedrock Sounding and Coring 
 
   In areas where the geologic information or logs (obtained from the 

preliminary soil exploration) indicate the presence of rock near or above 
final grade, sufficient soundings or probes must be made to delineate the 
profile and cross section of the bedrock surface.  Rock sounding may be 
made by any means capable of delineating the top of the rock unit.  Such 
methods may include hand or power auguring, pushing a pipe, using a tile 
probe, or using a truck mounted percussion rig.  Also, it may require 
geophysical investigative means in some circumstances. 

 
   Preliminary soundings can be made at intervals of approximately 60 m 

(200 ft) along the centerline (preferably, at alternate stations) to determine 
whether rock will be encountered at an elevation above the proposed 
ditch grade.  In areas of varying topography, it may be advantageous to 
deviate from the regular plan by taking soundings at the highest and 
lowest contour points. 

 
   If it is determined that rock will be encountered during construction of the 

project, additional soundings must be taken to estimate rock excavation.  
These soundings are usually taken at 15 m (50 ft) intervals along the 
centerline and at both ditch lines.  If there is more than one pavement, 
rock soundings should be taken in this manner along both lanes, unless 
the rock surface is relatively even, and reasonable predictions can be 
made by considering the multiple lanes as one unit. 

 
   In cases where the rock surface is very uneven, or where the rock surface 

slopes transversely to the centerline, additional soundings may be 
required for accurate profiling of the surface.  Sufficient borings should be 
made into the rock, in conjunction with the soundings, to determine the 
type and condition  of  the  rock.  These  borings  should  extend  a 
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minimum of 300 mm (12 in.) below the proposed ditch line, and preferably 
600 mm (24 in.) below the PGL. 

 
   Accurate estimates of the rock volume are required to establish 

reasonable pay quantities for rock excavation.  Good documentation of 
the rock characteristics, in the contract, will help reduce the incidence of 
changed conditions during construction. 

 
   In some cases, geophysical surveys (especially the seismic method), can 

be very useful in mapping the bedrock surface.  These surveys should be 
conducted in conjunction with a nominal number of borings, to check the 
accuracy of the seismic survey.  Geophysical surveys require specialized 
knowledge to properly interpret the data. 

 
 
  1.2.5.4 Peat Soundings 
 
   Peat, and other soft, or highly organic deposits present special problems 

for highway construction.  Thus, whenever deposits of peat, or other 
highly organic materials are encountered within the proposed R.O.W., 
soundings must be made at sufficient intervals to accurately determine 
the extent of peat, or other soft material present.  If the peat is not more 
than 1 to 1.5 m (3 to 5 ft) deep, this can ordinarily be done with a hand or 
power auger.  For deeper peat deposits, however, the Michigan (Davis) 
peat sampler is the most useful tool. 

 
   In most cases, soundings of the bottom of the deposit should be made at 

15 m (50 ft) intervals, both longitudinally and transversely in the R.O.W.  
Additional intermediate soundings may be necessary to accurately profile 
the bottom, where appreciable changes in depth are found between 
soundings.  For embankments, the soundings should extend a minimum 
of 15 m (50 ft) beyond the toe. 

 

   Some highly organic deposits are underlain by extremely soft, fine 
grained materials (often partly mineral, partly organic) called Marl.  These 
materials usually have excessively high moisture contents, and can cause 
slope stability problems, and/or settlement of the embankments placed on 
them.  Shelby tube samples of the soft sediments should be obtained for 
consolidation and shear strength testing.  The data is used to make 
reasonable estimates of the depth of excavation necessary to provide a 
stable embankment. 

 

   In some cases, the surface of an organic deposit may be covered by 
materials which have been transported in by flowing water, subsequent to 
the peat formation.  The organic material, which is covered by these  
deposits, may be somewhat more compressed than in open swamps.  
However, the organic material is quite compressible when subjected to 
the weight of embankments of reasonable height.  It is extremely 
important that such soil areas be located and thoroughly investigated, 
during the soil survey. 
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  1.2.5.5 Ground Water Elevation 
 

   The ground water elevation should be observed whenever borings are 
made, to verify or establish the water table elevation.  At some times of 
the year, water may be encountered even in shallow holes made with 
augers.  The ground water elevation and site drainage condition should 
be recorded on the boring log. 

 

   When split-spoon or Shelby tube borings are conducted, the ground water 
elevation should be observed,  at the time of completing the boring and 
24 hours later.  Unless a granular soil layer is encountered, a subsequent 
ground water elevation observation should not be made before 24 hours 
have elapsed.  This is considered to be the time necessary for the water, 
in most Illinois soils, to reach equilibrium.  If the field personnel determine 
this equilibrium is not reached in 24 hours, additional readings may be 
necessary.  If surface water exists in a nearby stream or ditch, its 
elevation should also be recorded on the boring log. 

 

   The ground water elevation encountered in a boring may represent a 
temporary or perched water table.  It may also represent the head of 
water, in some of the more permeable strata at depth.  Uniform deposits 
of fine grained (especially cohesive) soils are practically impermeable, 
and the water flow through such soils is negligible.  Permeability is 
increased by fissures, and blocky or crumbly soil structure.  This structure 
is caused by frequent wetting and drying, and commonly occurs near the 
ground surface.  Thus, the ground water elevation in the bore hole may 
be a function of the piezometric conditions in the more permeable strata. 
Obviously, if the boring was drilled without the use of water, the ground 
water elevation will be related to the permeable strata. 

 
   If water has been used in drilling the boring, it should be noted on the field 

log.  Also, some additional information may be desired.  Pump or bail out 
the bore hole and observe the ground water elevation changes, which 
occur over a period of time. 

 
   To obtain information on the pore water pressures which exist in relatively 

impermeable strata, special piezometer installations are required.  
Because of the small amount of water that actually flows through such 
strata, these installations must be handled with extreme care. 

 
   All joints in the piezometer casing must be completely free of leaks.  The 

system must be charged with de-aired water, or water which contains no 
free air. Isolate the piezometer tip in such a way that it comes to 
equilibrium with the strata, for which information is desired.  This usually 
requires the packing of bentonitic clay balls into the bore hole above and 
below the piezometer tip, in such a way as to prevent the influence of any 
extraneous water; which may be supplied from more permeable strata, or 
from the surface.  Since such installations are highly specialized, more 
detailed procedures are beyond the scope of this manual. 
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  1.2.5.6 Detention Ponds and Wetlands 
 
   Studies required for detention ponds and wetlands are, generally, site-

specific.  Therefore, it is difficult to generalize requirements for the 
investigations of such sites.  For very preliminary studies, the best 
sources are USDA/SCS soil survey publications. 

 
  1.2.5.7 Borrow Pits 
 
   Investigations for borrow pits are primarily directed toward the soil 

suitability for use in embankments.  Stability of the site is also of concern 
and should be investigated.  The aesthetic concerns, required by the 
Standard Specification for Borrow Excavation, will usually alleviate 
stability problems.  Since excavation will frequently intermix soil units, 
generally, thin soil seams within thicker units do not need to be tested 
separately.  However, deleterious properties, of even thin soil seams, 
should be noted, and their placement monitored during construction.  
Investigations are, generally, made by open cutting, after a site is 
selected by a contractor. 

 
   For deep pits or IDOT supplied borrow sites, borings may be necessary.  

These borings should be spaced to determine the soil types, and each 
thickness within the proposed site.  The appropriate number of borings is 
dependent on the sites stratigraphy.  In general, representative soil 
samples should be obtained from the proposed borrow pit, and tested for:  
PI, particle size analysis, AASHTO M 145 group classification, Illinois 
textural classification, organic content, moisture-density relation, and 
possibly, remolded compressive strength. 

 
  1.2.5.8 Geotechnical Investigation for Pavement Rubblization 
 
   Rubblization is the process of breaking Portland Cement Concrete (PCC) 

pavements  into  small  pieces.   The  small  pieces range from 225 to 300 
mm (9 to 12 in.).  The pavement in effect becomes a high quality, free 
draining aggregate base.  Rubblization differs from new construction 
because the subgrade cannot be modified or improved.  Generally, if the 
PCC pavement is less than 150 mm (6 in.) thick over a weak subgrade, 
rubblization would cause the loss of the entire pavement.  This would 
result in an expensive reconstruction project, instead of the original 
overlay project. 

 
   Therefore, a careful geotechnical investigation is necessary to obtain 

information which determines the feasibility of rubblization.  The 
necessary information is as follows:  

 
   • The existing pavement cross section and the condition of each 

pavement layer, including overlays and subbase. 
 
   • The rubblized pavement and subgrade stability, for supporting 

construction activities. 
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   • The shoulder pavement and subgrade stability, to support traffic for 
construction staging. 

 
   • The subgrade IBV, IBR and SSR, based on field and lab tests or 

available data. 
 
   • The locations where undercuts or alternative rehabilitation should be 

used. 
 
   • The condition of existing underdrains and the need for replacement. 
 
   • The ground water elevation. 
 
   The DGE will determine the type and extent of geotechnical investigation 

needed, for a rubblization project.  As a minimum, an investigation 
consists of the following two phases: 

 
   a) Preliminary Investigation - In this phase, the DGE should review 

available Geotechnical Reports, plans and cross sections of the 
existing pavement, and the USDA/SCS County Soil Survey Reports.  
Based on the available data, the SSM, and the SSR; the pavement 
and subgrade conditions should be analyzed.  This step is a 
screening process intended to eliminate sections which will most 
likely fail the Subsurface Investigation phase, due to weak subgrade.  
The DGE must provide the designer with the preliminary information, 
and discuss the feasibility of the rubblization option. 

 
   b) Subsurface Investigation - The DGE must prepare a pavement 

coring, DCP, and soil sampling and testing plan for the section, to 
confirm  the  preliminary  investigation.   In  general,  a  minimum of 2 
pavement cores per lane-kilometer (3 per lane-mile) should be taken.  
The core spacing may be decreased, depending on cuts, fills, soil 
types and available data.  After the pavement core is removed, the 
DCP test is conducted in the hole to determine the subgrade IBV.  It 
is preferable to record single blow increments to a depth of 705 mm 
(30 in.).  If a granular base exists, the DCP may be driven through it 
and the depth estimated from the IBV.  A soil sample in the range of 
3 to 4 kg ( 6 to 8 lbs.) should be taken from the core location and 
stored in an air tight container for later testing, if required.  A 
minimum of 1 DCP test per 300 m ( 1 per 1,000 ft) must be 
conducted along the shoulder, as close to the pavement to be 
rubblized as possible, to support public traffic during a staged 
construction.  This testing frequency may be reduced when the 
shoulder will not support traffic.  Care should be taken to avoid any 
damage to existing underdrains or other underground utilities. 

 
    The need for laboratory testing of field samples depends on the 

results of the field survey.  After the field survey is complete, typical 
IBVs and the condition of each pavement layer are determined.  The 
SSM should be used to determine whether or not the existing 
rubblized pavement (including the subbase and other pavement 
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layers) provides enough cover over the subgrade.  If the total 
thickness of these layers exceeds the minimum needed, then 
rubblization is viable.  If results are marginal, the field soil samples 
must be tested for the in-situ moisture, AASHTO M 145 classification 
and group index, particle size, and organic content.  From this data, 
the DGE will determine whether or not the subgrade may become 
further weakened from higher moisture or heavy loads.  For a 
rubblization project, a Geotechnical Report must be submitted to the 
SSC for review.  The Report must include all field and lab data, 
which may be summarized on Forms BC 435 and Mat 508A. 

 
 
1.3 DATA SUBMITTAL FORMS 
  
 Field personnel must submit their field logs to the individual who will complete the 

Foundation Boring Log, presented in Figure 5.3.  Additional comments, which may help 
clarify the site condition, should also be indicated on the boring log.  Consultants must 
make the field boring logs available, for review by the DGE. 
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CHAPTER 2 
 

LABORATORY AND FIELD TESTING OF SOILS 
 
 
 
2.0 INTRODUCTION 
 

This chapter considers the various lab and in situ tests which are performed to determine 
the physical and engineering properties of soils. For detailed test procedures, references 
are given to applicable AASHTO or equivalent ASTM standard test methods. 
Several of the tests are performed as a part of the field operation, of any of the soil drilling 
crews.  It is realized, that many lab and field geotechnical testing techniques have been 
developed during the last two decades.  The focus in this chapter, however, will only be on 
conventional lab and field tests that are routinely carried out within IDOT to meet, or 
exceed the minimum requirements of this manual, as well as the Standard Specifications. 
 
Extreme care in selecting a representative sample should be taken, so that the test values 
truly characterize the in situ mass of soil. 
 
 

2.1 MASS, WEIGHT AND VOLUME RELATIONSHIPS 
 
Soil consists of solid particles and the void spaces that, generally, consist of air and water, 
as illustrated by the schematic representation in Figure 2.1 (a).  The soil in this condition is 
called partially saturated.  If the void spaces are completely filled with water, the soil is 
saturated and it consists of two components, solids and water, as shown in Figure 2.1 (b).  
Obviously, it is not physically possible to separate the various components, as shown in 
the diagrams.  However, the concept illustrated provides the basis for computing the 
values of various important soil properties.  Table 2-1 gives the formulas which define 
fundamental soil properties.  It can be seen from the formulas (Table 2-1) and the 
diagrams (Figure 2.1) that, if only a few of these properties can be determined, the 
remainder may be calculated.  Most commonly, the moisture content is determined by 
testing.  The specific gravity of solids may be determined by test; but it is often assumed 
that 2.65 is a typical value for sands, and 2.70 is typical for clays.  It can also be calculated 
(Table 2-1).  The procedures for making these determinations are discussed in detail later 
in this chapter. 

 
Density and unit weights are exchangeably used in geotechnical engineering.  Density (ρ), 
expressed in kg/m³ [or pound-mass per cubic foot (pcf)], is the mass (M) per unit of total 
soil volume (Vt).  Density (ρ) is most often used in earth work quantity estimations, 
compaction tests, and in field inspections of the SDD for subgrades and embankments.  
The unit weight (γ), expressed in kN/m³ [or pound-force per cubic foot (pcf)], is the weight 
(W), as a gravitational force, divided by VT.  The unit weight  (γ) is most often used in 
geotechnical analyses; such as, slope stability, lateral earth pressure, pile capacity, soil 
shear strength, and any analysis in which the gravitational force or weight of soil is 
required.  In Figure 2.1, M is used for simplicity, but it can be replaced with W if the unit 
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weight is to be used instead of density.  In this chapter, reference is made to density.  
However, if the unit weight is to be used, proper conversion should be perfromed 
according to the mass, volume and weight relationships in Table 2-1. 
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Mass Volume

 
Figure 2.1  Component Diagram For A Soil Mass When (a) Partially Saturated And (b) Fully 

Saturated 
 

 
2.2 LABORATORY TESTS 
 
 

2.2.1 Moisture Content Determination 
 
  The moisture content test is conducted according to AASHTO T 265.  The 

moisture content (w) is defined as the ratio (expressed in percent) of the mass of 
water in a specimen,   to  the  oven-dry  mass  of  soil grains  in  the  specimen,   
as given  by Eq. 2-1 (a) in Table 2-1. 

 
 The moisture content test is simple to perform, requiring only a balance and a 

means of drying the specimen.  The moisture content is an important soil 
property, as it correlates with the engineering properties of soil; such as, the 
shear strength, permeability, compressibility, and unit weight.  The test is 
conducted by weighing a mass of soil while wet, and then oven-drying for 15 to 
16 hours (to obtain a constant dry mass).  The difference is the mass of water.  
Moisture content is necessary for the interpretation of moisture-density 
relationships, and it forms the basis of Atterberg Limit testing. 
 

 It is important to note that the definition of (w), as a ratio, differs from usual 
chemical or quantitative methods of determining percent of constituent materials.  
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For example, a specimen  containing 50 g of water and 50 g of dry soil has a 
moisture content of 100 % by Eq. 2-1 (a), while a chemist would consider that the 
specimen contained 50 % water. 

 
 
 

Table 2-1  Definition of Mass, Weight and Volume Properties in Soil. 
 
 

Property Formula Eq. 
   

Moisture Content, w w(%) = MW / Ms (100) 2-1 (a)     
Wet Density, ρ ρ = M T / VT 2-1 (b)     
Wet Unit weight, γ γ = WT/ VT 2-1 (c)     
Dry Density, ρd ρd = MS / VT  =  ρ/(1+w)  2-1 (d)     
Dry Unit weight, γd γd =  WS/ VT  =  γ/(1+w) 2-1 (e)     
Void Ratio, e e = Vv / Vs 2-1 (f)     
Porosity, n n(%) = Vv / VT = e / (1 + e) 2-1 (g)     
Degree of Saturation, S S(%) = Vw / Vv (100) 2-1 (h)     
Specific Gravity, GS GS = (MS / VS) / ρw 2-1(i)  

 
 
A =  Gravitational Acceleration as 9.81 m² / sec. (32.2 ft² / sec.) 
 
ρw = Density of Water as 1,000 kg/m³ (62.4 lbm/ft³) 
 
Ms, Mw & MA = Masses of  Solids, Water &  Air, respectively 
 
Vs, Vw & VA  = Volumes of Solids, Water &  Air, respectively 
 
VT = Total Volume of Solids, Water, and Air 
 
MT = Total Mass of Solids, Water, and Air 
 
WS & WT = MS X A  &  MT X A, respectively (Weight = Mass X Acceleration) 
 
VV = Vw  +  VA 
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2.2.2 Particle Size Analysis 
 
  A particle size analysis is a quantitative determination, of the distribution of 

particle sizes present in a soil sample.  The procedure is accomplished by means 
of sieve and hydrometer analyses.  The sieve analysis is conducted according to 
Illinois Modified AASHTO T 27/T 11, and the hydrometer analysis is conducted 
according to AASHTO T 88.  In the sieve analysis, the soil specimen is shaken 
through a stack of wire screens with openings of standard sizes.  The definition 
of particle diameter for a sieve analysis is, therefore, the side dimension of a 
square hole.  The hydrometer method is based upon Stokes' equation for the 
velocity of freely falling spheres, and the definition of particle diameter in a 
hydrometer test is, therefore, the diameter of a sphere, of the same density, 
which falls at the same velocity as the particle in question.  Sieve analysis is 
conducted on particles larger than 0.075 mm (No. 200) sieve,  and hydrometer 
test  is conducted  on fine grained soils passing 0.075 mm (No. 200) sieve. 

 
  The results of both sieve and hydrometer analyses are presented on a combined 

particle size distribution curve for a soil.  For different reasons, the curve is only 
approximate.  The accuracy of particle size distribution curves for fine grained 
soils is more questionable than the accuracy of the curves for coarser soils.  This 
is because fine grained soils particles look like platelets, while assumed spherical 
in Stoke’s Law used in the hydrometer analysis. 

 
  Particle size distribution curves (particularly those of sands and silts) are used for 

soil classification, correlation with soil permeability, design of filters and drainage 
systems, identification of frost-susceptible soils, and for approximate assessment 
of soil strength. 

 
2.2.3 Atterberg Limits and Plasticity Index (PI) 
 
   The LL and SL tests are determined according to AASHTO T 89 and T 92 test 

methods,  respectively.   The PL and PI  are  determined  according  to AASHTO 
T 90.  A fine grained soil can exist in any of several states of consistency.  The 
state of consistency, and the behavior of any particular soil depends primarily 
upon the amount of water present in the soil-water system.  In 1911, A. Atterberg 
defined the boundaries of four (4) states of consistency, in terms of limits.  These 
limits, and the zones between the limits are illustrated in Figure 2.2. 

 
 Each limit represents a moisture content, beyond which the soil changes from 

one state to another.  The PI represents the range of moisture contents, through 
which the soil is in the plastic state.  The PI is simply the moisture content at the 
LL, minus the moisture content at the PL. 

 
  The limits are useful for soil classification and correlation with the soil behavior; 

such as, compressibility, permeability, shrink/swell and strength.  The SL can be 
useful in predicting the maximum loss of volume, which an embankment material 
may undergo when removed from a wet borrow, and subsequently dried and 
rolled into a fill.  As soil dries to the SL, there is a loss of volume and water.  
Further drying removes water only, without corresponding volume loss. 
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                   Liquid State 
   LIQUID LIMIT (LL) 
 ↑ 
                   Plastic State            Plasticity 
                                                      Index 
 ↓   PLASTIC LIMIT (PL) 
 
                   Semisolid State 
 
   SHRINKAGE LIMIT (SL) 
 
                   Solid State 
 
   DRY 
 
 
Fig 2.2   Soil-Water Scale Showing Atterberg Limits And Corresponding Physical States Of Soil In 

The Remolded Condition 
 

 
   The LL, PL and SL are arbitrary boundaries, but the procedures for obtaining 

these values have been standardized.  The LL is determined in the lab by 
measuring the moisture content at which a standard groove of soil, placed in a 
standard  brass  cup,  will  close  when the cup is dropped 25 times from a 10 
mm (0.394 in.) height.  The PL is determined by measuring the moisture content 
at which a thread of soil begins to crumble, when rolled into a 3 mm (1/8 in.) 
diameter.  The SL is determined by drying a saturated soil, and measuring the 
limiting moisture content at which no further volume changes occur with loss of 
water. 

 
2.2.4  Soil Classification 
 
  Field soil samples are approximately classified as to texture, and described as to 

color, odor, particle size, plasticity, structure, moisture, and density.  The field 
classification and description are based on a combination of experience of field 
personnel, SPT blow count, and certain identification tests (such as; grittiness, 
cohesiveness, finger pressure, and other senses).  The field classification and 
description are usually verified or corrected by laboratory testing of the soil 
samples for particle size, Atterburg limits, moisture, and density. 

 
  Based on the particle size analysis, the soil textural classification is obtained 

using the Illinois Division of Highways’ (IDH) Triangular Diagram on Figure 2.3.  
This diagram should  not  be  confused  with  the USDA/SCS textural 
classification diagram of Figure I.5 (a), discussed in Appendix I. 
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  Further engineering classification can be obtained according to AASHTO M 145, 
in which both particle size and the Atterburg limits are used to classify the soil 
into groups (A-1 to A-7) and subgroups (A-1-a,  A-1-b,  A-2-4,  A-2-5,  A-2-6,  A-
2-7, A-7-5, and A-7-6).  This soil classification system is based on observed field 
performance of subgrade soils under highway pavements.  Soils having 
approximately the same general load carrying capacity and service 
characteristics are grouped together.  In general, the best soils for highway 
subgrades are classified as A-1, the next best A-2, and the poorest subgrade 
soils are classified as A-7.  This AASHTO classification can also be modified by 
the addition of a “group index” (in parentheses) after the group symbol, as 
follows:  A-2-6(3), or A-7-6(17) and so on. 

 
  As indicated in the AASHTO M 145 specifications, the subgrade supporting value 

decreases as the group index increases.  For example:  Gl = 0 indicates a “good” 
subgrade material, and GI = 20 or greater indicates a “very poor” subgrade 
material. 

 
2.2.5  Specific Gravity 
 
   The specific gravity of a soil is determined according to AASHTO T 100.  Specific 

gravity is the ratio of the mass in air of a given volume of a material at a stated 
temperature, to the mass in air of the same volume of gas free distilled water at 
the same temperature. 

 
   When a soil is composed of particles both larger and smaller than the 4.75 mm 

(No. 4) sieve, the specific gravity of the soils (for use in engineering calculations) 
is averaged according to AASHTO T 100. 

 
   The specific gravity, of most soils, lies within the range of 2.60 to 2.85.  Soils with 

measurable organic content or porous particles; such as, expanded slag, may 
have specific gravities which are much lower.  Soils containing an appreciable 
quantity of heavy minerals; such as, iron, may have much higher specific gravity 
values.  Most Illinois soils will have specific gravities ranging between 2.62 and 
2.75. 

 
 
2.2.6  Moisture-Density Relationship 
 
   The moisture-density relation of soils is obtained according to AASHTO T 99.  In 

1933, R. R. Proctor published a series of articles in the Engineering News 
Record in which he discussed his conclusions; that the moisture content and the 
density of a soil were directly related during and after the compaction process.  
He used a penetration needle device to further delineate soil types, their 
moisture-density relationship and their strength. 

 
   Proctor concluded that greater density almost always results in greater strengths 

and less compressibility.  Soil density, and the inferred degree of soil strength are 
influenced by three principal factors:  1) moisture content of soil, 2) nature of soil 
[gradation, chemical, and physical properties], and 3) type and amount of 
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compactive effort.  Using Proctor’s work as a basis, pavement design criteria 
based on moisture- 
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Fig 2.3   IDH Textural Classification Chart 

 
 
 

  density relationships has become a common practice.  It is now a standard 
practice to determine the maximum dry density of a given soil, in the laboratory, 
under standard conditions; and then compare this density, to the actual dry 
density achieved in the field.  Specifications to control field compaction work are 
written in relationship to these two densities. 
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   The typical relationship between moisture content and density, for different soil 

types prepared at a given compactive effort, is shown in Figure 2.4.  As the 
moisture content of a soil increases from some initial dry condition, the density 
increases up to a maximum value, at an optimum moisture content (OMC).  
Addition of water beyond the optimum, results in separation of soil particles and 
decreases the density. 

 
   The nature of the soil, itself, plays an important part in the moisture density 

relationship.  Of primary concern are:  the gradation, size, shape, and 
mineralogical composition of the individual particles. 

 
 

Maximum Lab
Dry Density

Zero Air
Voids Curve

Moisture Content

3

 
 
Figure 2.4  Typical Curve Showing The Relationship Between Moisture Content And Dry Density.  

Zero Air Voids Curve Represents 100% Saturation 
 
 
   Generally, as soils range from poorly graded to well-graded, the maximum 

density increases.  Well-graded soils contain such a wide range of particle sizes 
that small particles fill the void spaces between large particles, thereby, 
increasing the maximum density.  This situation cannot prevail when the 
aggregate is gap-graded or uniform in size.  Whenever void space is replaced 
with soil grains, the density is increased. 
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   The OMC is a function of the soil specific surface (total surface area of particles 

per volume).  Fine grained soils have larger specific surface than coarse grained 
soils.  This explains why clays exhibit higher OMC than sands. 

 
   The type and amount of compactive effort applied to a given soil, will directly 

influence the moisture-density relationship obtained.  In general, as the 
compactive effort is increased, the maximum density is increased, and the OMC 
is reduced.  The moisture density curve obtained in the laboratory, for a given 
soil, does not necessarily correspond exactly to the curve which would be 
obtained in the field, under quite different compaction conditions.  Such field 
curves, obtained with various rollers at different numbers of passes, do 
correspond reasonably well with the laboratory curves.  Both research and 
practice indicate that with the proper compaction equipment, no difficulty should 
be experienced in achieving 95 % or more of the laboratory maximum dry 
density; provided, the soil in the field is at or near the laboratory OMC.  The zero 
air voids curve (Figure 2.4) represents 100 % saturation.  Therefore, compacting 
a soil with moisture content on this curve requires squeezing water out of the 
voids.  If the soil is fine grained or has a significant fine grained component, 
excessive rolling will not achieve the desired density until the moisture content is 
lowered. 

 
   The shape of a moisture-density curve may be useful in relating the moisture to 

the strength characteristics of a soil.  Sometimes, the strength versus moisture 
curve resembles the moisture-density curve for the same soil.  If the strength 
versus moisture curve is available, it would be useful to superimpose such curve 
over the moisture-density curve to recognize the significance of deviation from 
the OMC.   

 
   Knowledge of the soil OMC is important to the inspector and the contractor.  

Such knowledge allows a proper judgment to be made, relative to the required 
treatment of a soil, prior to compaction.  If the soil has a moisture content 
considerably different from the optimum moisture content, it will be uneconomical 
to achieve the desired density merely by continued rolling.  If the soil is below the 
optimum moisture content, additional water can be added and mixed in by 
blading or disking.  If the soil has a water content above optimum, the contractor 
must remove water from the soil to obtain the desired density, at or near the 
optimum moisture condition.  To remove excess water, the usual procedure 
involves scarification, to allow for evaporation.  Some extreme cases have been 
resolved only by treatment with drying chemicals; such as, lime, or by removal of 
the excessively wet soil and replacement with a drier soil. 
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2.2.7 Illinois Bearing Ratio (IBR) Test 
 
   The IBR test is to be conducted according to the procedure described in 

Attachment II-A.  The IBR is the same as the original California Bearing Ratio 
(CBR) test, developed by the California Division of Highways in 1928.  In the 
original procedure, specimens were compacted using a static molding technique.  
In later years, as other states adopted this procedure, the method of molding was 
changed from a static procedure to a dynamic procedure, using a compaction 
hammer, as specified in AASHTO T 193 for the current CBR test procedure. The 
IBR test is a form of punching shear, in which a penetration piston creates a 
bearing capacity failure at the surface of the specimen.  The test is conducted on 
a compacted soil in a 150 mm (6 in.) mold at the end of a four day soaking 
period, during which the amount of swell is measured. 

 
   The IBR is the ratio (expressed in percent); of the piston load at a certain 

penetration applied to the soil, to the piston load applied to a typical crushed 
stone material at the same penetration.   The piston should have a cross-section 
area of  1,935.5 mm²  (3 in.²).  The IBR  is calculated  either at 2.54 mm (0.1 in.) 
or 5.0 mm (0.2 in.) penetration.  A large number of tests showed that the 
standard crushed stone yields an average piston load of  13.3 kN  (3,000 lbf)  at 
2.54 mm (0.1 in.) penetration and 20 kN (4,500 lbf) at 5.08 mm (0.2 in.) 
penetration.  The IBR has been used in lieu of the CBR, because the standard 
piston loads in crushed stone were based on the original test specimens, which 
were prepared by static compaction.  The IBR value, thus obtained, is used for 
pavement design. 

 
   The percent of swell exhibited by the soil specimens, during the four day soaking 

period, serves to indicate potential problems associated with undesirable volume 
change in the subgrade soil.  Swelling percentages greater than 3 % should 
signal a search for a more desirable subgrade/embankment soil. 

 
  There are some problems and inconsistencies in the IBR test.  The principal 

ones are:  1) the effects of surface composition and character of the specimen, at 
the point of penetration in a fine grained soil sample; and 2) in a coarse grained 
material, the sides of the mold have a constraining influence upon specimen 
failure.  The main value of the IBR test, however, is that over a long period of 
time, its results have been correlated with pavement performance, under various 
traffic and climatic conditions. Typical ranges of IBR values for soils, in Illinois, 
are given in Table 2-2. 

 
 
2.2.8 Immediate Bearing Value Test (IBV) 
 
   The IBV test  is to be conducted according to the procedure described in 

Attachment II-A.  During the later 1950’s, the Illinois Division of Highways chose 
the IBR, defined in Section 2.2.7, for pavement design until the MPD method was 
developed in 1982.  The MPD method does not rely on the IBR values, because 
the subgrade is not included in the pavement structure.  However, the subgrade 
soil stability is still important under heavy construction traffic.  Therefore, an IBV 
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test was developed to determine a bearing value for the subgrade soil, 
immediately after compaction (without soaking).  The IBV is determined in the lab 
from a penetration test similar to that described for the IBR, except that the test is 
conducted immediately after compacting the soil in a 100 mm (4 in.) mold without 
soaking.  The IBV can also be indirectly determined from a field DCP test as 
discussed in Section 2.3.8.  The IBV is used to determine the stability of treated 
and untreated subgrade soils during construction.  It is also used to determine 
the optimum mix design for treated subgrade soils, as will be discussed in 
Section 2.2.9.  The IBV is currently used to make a preliminary estimate of the 
depth of remedial treatment in weak subgrade soils, as recommended in IDOT’s 
SSM.  Usually, the actual depth of soil treatment is verified with the DCP during 
construction. 

 
 

 Table 2-2  Typical IBR Values for Illinois Soils 
 
 

Soil Group 
AASHTO M 145 

Probable 
IBR Range, % 

  
A-1 15-40   
A-2-4, A-2-5 8-20   
A-2-6, A-2-7 6-20   
A-3 5-15   
A-4, A-5, A-6 2-10   
A-7-5, A-7-6 1-  8 

 
 
 
2.2.9 Laboratory Evaluations/Design Procedures for Soil Mixtures 
 
  Soils and aggregate are sometimes treated with additives; such as, lime, cement 

or fly ash for different purposes.  In each case, a certain laboratory 
evaluation/design procedure is performed to determine the “optimum,” and 
economical amount of additive that results in the required performance.  Mix 
design procedures have been implemented, at IDOT, for the following mixtures: 

 
   2.2.9.1   Lime Stabilized/Lime Modified Soil Mixtures 
 
  The laboratory evaluation/design procedures for lime stabilized and lime 

modified soil mixtures are to be performed according to Attachment II-B. 
Lime stabilization is the treatment of subgrade soil with lime to increase 
the IBR and strength of the mixture, such that the stabilized subgrade 
becomes part of the pavement structure.  The optimum lime content is 
the percent lime that results in a strength gain of 345 kPa (50 psi) in the 
stabilized soil, over the untreated soil.  It should be mentioned, that 
success with lime modification or stabilization depends on the soil-lime 
reactivity, which largely depends on the clay fraction in soil. 



January 1999 

2-12 

 
  Lime modification is the treatment of subgrade soil with lime, to provide 

a stable working platform under construction traffic.  The optimum lime 
content, in this case, is the percent lime that provides an IBV of 10 % to 
12 %. 

 
   2.2.9.2    Soil-Cement Mixture 
 
  The laboratory evaluation/design procedures for soil-cement mixture 

are to be performed according to Attachment II-C.  In granular soils: 
such as, silts, sands, and gravels; the clay fraction is too small and the 
soil-lime reactivity is too negligible, to result in any improvements in the 
soil properties.  In this case, soil treatment with cement (for 
stabilization) becomes an alternative.  The purpose of soil-cement mix 
design procedure is to determine the optimum cement content that 
results in a minimum compressive strength of 3450 kPa (500 psi), 
without practically affecting the compaction characteristics and 
durability of the soil-cement mixture. 

 
   2.2.9.3    Cement-Aggregate Mixture 
 

 The laboratory evaluation/design procedures for cement-aggregate 
mixture are to be performed according to Attachment II-D.  Cement-
aggregate mixture is used as a stabilized subbase material in a 
pavement structure. 

 
   2.2.9.4    Pozzolanic-Stabilized Mixture 
 

 The laboratory evaluation/design procedures for pozzolanic-stabilized 
mixture are to be performed according to Attachment II-E.  Pozzolanic-
stabilized mixture is used as a stabilized subbase or base material. 

 
   2.2.9.5    Fly Ash Modified/Fly Ash Stabilized Soil Mixtures 
 

  Recently, IDOT has investigated the feasibility of using fly ash in lieu of 
lime for subgrade modification and stabilization.  This can be 
particularly beneficial in silty and sandy soils in which the clay fraction is 
not adequate for reaction with lime. 

 
  Fly ash was evaluated in the laboratory, using three different soil types: 

sand, silt and clay.  The laboratory evaluation indicated that fly ash 
increased the IBV and the compressive strength of the mixture 
adequately to produce a modified subgrade or, in some cases, a 
stabilized subgrade depending on the soil type, moisture content, and 
the quality of the fly ash. 

 
  Three field experimental features are currently under evaluation.  Based 

on the results of both the laboratory and field evaluation of the fly ash 
treated soils, a laboratory evaluation/design procedures will be 
published in subsequent editions of this Manual. 
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2.2.10 Triaxial Compression Test 
 
  The triaxial compression test can be performed in three different test methods.  

These include the unconsolidated-undrained (UU), consolidated-undrained (CU), 
and the consolidated drained (CD) test methods. 

 
 The  UU  and  CU  triaxial tests are to be conducted according to AASHTO T 296 

and T 297 test methods, respectively.  Currently, there is no AASHTO or ASTM 
Standard test method for conducting the triaxial CD test.  However, the CD test is 
performed by allowing the drainage valves to remain open throughout the test.  
The stress difference is applied slowly to prevent excess pore water pressure 
during the shearing stage.  There are some differences in the testing procedure 
between the UU, CU, and the CD tests.  The differences are based, primarily, on 
the drainage conditions during the test. 

 
 The universally applicable compression test, for determining the shear strength 

of soils, is the triaxial compression test.  This test may be performed on all soils, 
ranging from cohesive to completely cohesionless.  Generally, three specimens, 
as nearly identical as possible, are needed (each tested at a different confining 
pressure). 

 
 For staged testing, one specimen is used for multiple confining pressure 

applications.  The test consists of applying an equal, all-around pressure to a 
specimen in a triaxial chamber; and then subjecting the specimen to a gradually 
applied axial loading, known as the deviator stress (as shown in Figure 2.5).  
One test is normally performed at each of three different confining pressures, and 
the results plotted (as shown later) on a Mohr circle diagram. 

  
 A number of variations in testing procedure have been developed; based, 

primarily, on variations in drainage conditions during the test.  The UU test is the 
most common test method, in which no drainage from the sample is permitted, 
either during the application of the confining pressure, or during the axial loading 
to failure.  The results from this test are used for evaluating failures which occur 
rather quickly; such as, slope stability failures during or at the end of 
construction, particularly, if the embankment and foundation soils are primarily 
clayey or relatively impervious. 

 
 The CU test, is a procedure in which drainage is allowed to take place during the 

application of the confining pressure, but not during the application of the 
deviator stress.  The CU test results are, commonly, applied to the determination 
of slope stability, subjected to rapid drawdown conditions, long after an 
embankment is constructed on a river front, for example, or when a relatively 
slow embankment construction is expected. 
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 Figure 2.5  A Schematic Diagram Showing The Stress Conditions For Triaxial Compression 
 
 
 From the UU test, Mohr circle diagrams can be constructed without regard to 

pore water pressures.  This is referred to as a total stress analysis.  If pore water 
pressure measurements are made, they are, commonly, made in the CU test.  
Mohr diagrams, adjusted for pore water pressure, result in an effective stress 
analysis. 

 
 In the CD test method, seldom used, drainage is permitted (at all times) so that 

no pore water pressures are allowed to develop during the application of either 
the confining pressure or the deviator stress.  The CD test results are applicable 
only to relatively free-draining soils not subject to liquefaction; and to semi-
pervious soils subjected to steady seepage conditions in which loads are slowly 
applied, and changes in moisture content and volume are not impeded.  For 
relatively impervious soils, it is doubtful that conditions represented by the slow 
test can actually take place in an embankment, because loads are applied too 
rapidly to allow for dissipation of pore pressures and volume changes within the 
soil mass.  The CD test provides data for effective stress analysis, in which the 
effective cohesion (c’) and effective friction angle (φ‘) are used. 
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  The shearing strength of a soil is, usually, expressed by the classical Coulomb 
equation: 

 
  τ  = c + (σ3 - u) tan φ  Eq. 2-2 (a) 
 

   Where:  τ = Shearing strength 
                                  c = a constant usually called cohesion 
                                  σ3 = external pressure on specimen (confining pressure) 
                                  φ  = angle of internal friction. 
                u = water pressure in the soil pore spaces. 
 
 
 For cohesionless soils, such as sands, c=0 and the Coulomb equation reduces 

to: 
 

  τ = (σ3 - u) tan φ Eq. 2-2 (b) 
 
 
 
 For saturated clay soils, the equation for practical purposes can be reduced to:  
 

  τ = c Eq. 2-2 (c) 
 
 
 Mohr circle plots, for several situations, are illustrated in Figures 2.6 (a), (b) and 

(c).  A primary reason for the preparation of a Mohr circle diagram is to determine 
the values of the cohesion intercept, c (total) or c' (effective), and the angle of 
internal fiction, φ (total) or φ' (effective). 

 

 As shown in Figures 2.6 (a) and (c), as the soil sample approaches a saturated 
condition, the cohesion intercept becomes greater, while the angle of internal 
friction becomes smaller.  Finally, for a true saturated clay, on a total stress 
basis, the angle φ becomes zero and the cohesion is equal to one-half the 
deviator stress. 

 
 

2.2.11 Unconfined Compression Test 
 
  The unconfined compression test, commonly referred to as the Qu test, is 

performed according to AASHTO T 208.  The test is a special case of a UU 
triaxial compression testing in which the confining pressure, σ3 in Figure 2.5 is 
zero.  It is performed by loading a soil specimen at a constant rate, while 
unconfined, and measuring the force required to cause deformation in the 
specimen. The stress (P/A) required to cause failure, after adjusting for strain 
corrections, is then referred to as the "Qu".  It may be expressed in kPa, tsf, or in 
terms of any force per unit area.   However,  it is important  to note that the angle  
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Normal Stress, σ 

c ~ o  

φ or φ‘
Shear Stress, τ 

a) UU test on granular (cohesionless) soils; CU or CD 
tests on other soils, with or without pore water pressure 
measurements. 

Deviatoric Stress, σd

σ3 σ1

 

Normal Stress, σ 

c or c' 

φ or φ‘ 

b) UU or CU tests on partly saturated fine-grained 
(cohesive) soils, with or without pore water pressure measurements  

Confining Pressure 

c 

Normal Stress, σ

Φ = 0

c) UU tests on fully saturated fine-grained  
(clayey) soils. 

 
 

Figure 2.6  Typical Mohr Failure Diagrams For Triaxial Tests On Various Types Of Soils 
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  of internal friction, φ, is assumed to be zero; and the cohesion or shearing 
strength is equal to one-half Qu. 

 
 Obviously, the unconfined compression test cannot be conducted on granular or 

completely cohesionless soils, because the test specimen is not supported in any 
manner during the test. 

 
 

2.2.12 Consolidation Test 
 

 Consolidation test is to be conducted according to AASHTO T 216.  Settlement 
analysis is performed according to the procedure outlined in Appendix IV. The 
term consolidation, in soil mechanics, is applied to the phenomenon of the 
gradual transfer of an applied load, from the pore water to the soil structure.  It is 
the time-dependent deformation, in a soil mass, due to applied loads.  Consider a 
mass of soil with the void spaces completely filled with water, and the water in 
hydrostatic balance, wherein, pressures correspond to the depth below the 
ground water table.  When a load is rapidly applied, the soil will compress; but 
some of the pore water is forced out, in the manner of a  saturated sponge   that 
has been squeezed.  The amount of water which escapes depends on the size 
and duration of the load, and on the compressibility of the soil.  The rate at which 
it can escape depends on the  permeability of the soil, and the thickness of the 
stratum (or the distance to a relatively free-draining material).  The more pervious 
the soil, the faster it will drain; thick strata drains more slowly than thin ones.  The 
consolidation of a stratum is reflected by a settlement or (lowering) of the 
embankment surface, or the footing above it.  

 
 In areas underlain by deep beds of clay, structures or embankments have been 

known to settle a foot or more, over a period of years, because of the low 
permeability of clay.  However, if the same structures were founded on compact 
sand and gravel, the consolidation settlement would be negligible, and all the 
settlement would likely take place by the time construction is finished, because of 
the high permeability of these granular soils.  The consolidation phenomenon 
applies, also, to sands and gravels.  However, it is of little practical significance, 
since such soils permit rapid escape of water, and are incompressible when 
properly densified, in comparison to clays. 

 
 The consolidation of a foundation soil is, therefore, an important factor in earth fill 

design, when a proposed site is found to be underlain by thick strata of relatively 
compressible, impermeable soils such as clay. 

 
 When a compressible foundation soil is encountered below an area where a 

footing or an embankment is to be constructed, it is advisable to take 
undisturbed, Shelby tube samples (or other relatively undisturbed sampling 
systems), perform consolidation tests, and make preliminary settlement analyses 
before final design is completed.  Consolidation of the foundation will, 
occasionally, prove to be a governing factor in the choice of a bridge site.  
Further, it will be a factor in the design, and may necessitate special design and 
construction procedures, to reduce possible detrimental settlement. 
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 The shearing strength of soil is affected by consolidation.  If a foundation 

consolidates slowly, relative to the rate of construction, a substantial portion of 
the applied load will be carried by the pore water, which has no shearing 
strength.  Therefore, when the soil shearing strength is sufficiently diminished, a 
shear failure can occur.  This matter requires certain investigation, as it affects 
the choice of one of several corrective procedures.  If the investigation indicates 
that the construction time frame allows for the dissipation of excess pore water 
pressures, the soil may gain some shear strength by consolidation. 

 
 The consolidation test is performed on a relatively undisturbed soil specimen, 

obtained from a Shelby tube.  The specimen is considered a small model being 
used to represent a much larger mass of soil, as it exists at the site being 
investigated, assuming the soil stratum is homogenous.  The small specimen 
must be as nearly undisturbed as possible, because the test results will tend to 
magnify any disturbance and the soil properties could be significantly 
misinterpreted. 

 
 The test consists in applying a series of pressure increments on the soil 

specimen.  The load increments should be in the same range of anticipated 
design loads.  At each load increment, readings of settlement, with time, are 
taken for 24 hours, or until the linear portion of the secondary compression 
appears.  The procedure is repeated for the subsequent pressure increments. 

 
 The results of the consolidation test readings, for the various pressure 

increments, are usually expressed by plotting the dial reading vs. the square root 
of time, and the dial reading vs. the square root of time on separate plots (as 
shown on Figures IV.1 and IV.2, respectively).  From this data, the void ratio (e) 
vs. the log of pressure (log P) is then plotted (as shown on Figure 2.7).  The 
shape of the e-log P curve is of considerable significance.  For example, in 
Figure 2.7, curve 1 indicates that the Shelby tube sample or the small specimen 
was considerably disturbed; while curve 2, probably, indicates a relatively 
undisturbed material; and curve 3 illustrates a material which is rather sensitive 
or “quick”.  An important result obtained from an e-log p curve, for a given 
specimen, is the determination of the compression index (Cc); which is defined 
as the slope of the lower straight line portion of the e-log p curve. 

 
 If the applied loads (P0 and P0 + ∆ P) are within the straight line portion, the 

settlement may be computed from Equation 3-2 (Chapter 3). If the applied loads 
are outside the linear range, where the slope varies with the load, Equation IV-3 
should be used. 

 
 



January 1999 

2-19 

1 3
2

Amount of

Preconsolidation
Pressure, P (Log Scale)

V
oi

d 
R

at
io

, e

e o

o
o oP'P

1

Cc

 
 
 

Figure 2.7  Void Ratio Vs. Log Pressure Curves Typical Of Various Clay Samples 
 
 

 It has been found that Cc is closely related to the LL value for normally 
consolidated clays.   Therefore, for a first hand estimate of the settlement, the 
statistical relationship in Equation 3-1 between Cc and LL may be used in 
conjunction with Equation 3-2. 

 
 It should be stressed, however, that this relationship is valid only for relatively 

insensitive, normally consolidated clays.  It over estimates the settlement, for 
over consolidated clays; such as, glacial tills, or for silty or sandy soils. This 
equation, if used to estimate the consolidation of a clay till for example, may yield 
a result 4 to 10 times greater settlement than a companion consolidation test.  
The use of this relationship always leads to, too great an estimate of settlement 
estimate, except in those rare cases (in Illinois) where sensitive clays are 
present.  If the clay is sensitive, the estimate might be on the low side. The time 
required for different degrees of consolidation to occur may be computed using 
Equation IV-4. 

 
 It should be noted, that the consolidation test yields an approximate value of 

settlement caused by removal of water from the pore spaces of a saturated soil.  
The test does not give any indication of probable embankment, or structural 
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settlement caused by bearing capacity failure, or secondary compression. 
Settlement may also result from rearrangement of soil grains during vibrational or 
earthquake loadings, or from chemical deterioration in highly organic soils or peat 
deposits.  These factors produce, largely, unpredictable settlements from 
laboratory tests.  Engineering judgment should be considered, for the settlement 
forecast obtained from the conventional consolidation tests. 

 
 Swelling or expansive soils exhibit behavior opposite to consolidation.  Soils such 

as highly desiccated clays, heavily over consolidated clay tills, and soft rocks 
(clay shales), tend to rebound or swell when some of their overburden load is 
removed, particularly when exposed.  They readily absorb ground water, or water 
from the atmosphere, and increase markedly in volume. 

 
 A judicious selection of loading increments and a proper loading-unloading 

pattern will allow the determination of the swelling potential, and an insight into 
the past consolidation history of the soil strata. 

 
 Some saturated, highly plastic clays may consolidate even without being subject 

to additional loads.  Such settlements are induced by the removal of pore water 
by transpiration from heavy vegetation, especially trees, during periods of below 
normal rainfall.  These settlements are largely unpredictable and can be avoided, 
only by preventing the growth of large trees and shrubs adjacent to roadways 
and structures. 

 
 
2.2.13 Organic Matter Content 
 

 The organic matter content is to be determined by the “wet combustion”, 
according to AASHTO T 194.  The test method measures the amount of 
potassium dichromate  reduced by the organic matter present.  This value is then 
converted into percent of carbon oxidized; and finally, to the total amount of 
organic matter by computation. 

 
 This test is most applicable to the determination of humus-like, easily oxidized 

organic matter; and provides a good estimate of the amount, for this type of 
organic material.  Further, when the soil contains only this type of organic matter, 
the estimate of the total organic content is reliable.  However, when fresh 
(undecayed) plant root, wood, fresh grass, charcoal, lignite, or coal is present, 
the reagents used do not react well and the results may be erroneous.  Only a 
“dry combustion” method, where all carbon is burned and measured as weight of 
carbon dioxide lost, will give a true indication of the content of these latter 
materials.  This method, however, may involve errors on the high side, due to 
breakdown of certain soil minerals, and the evaporation of hydrated water at high 
temperatures.  The “dry combustion” method is to be performed according to 
AASHTO T 267. 

 
 The organic matter content of a soil is important, primarily, for three reasons:  1) 

some organic matter is necessary to support plant growth along the roadway, for 
erosion control and aesthetic appearances; 2) excessive amounts of organic 
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material in a foundation soil, or in a compacted fill will tend to decay with time, 
creating voids or chemical   alteration   of   soils,   resulting   in   possible   
detrimental  settlement;   and  3) significant amounts of finely divided organic 
particles often affect the index properties of a soil, such as the Atterberg Limits, 
by an amount sufficient to change the soil classification. 

 
 Organic material is desirable for landscaping purposes, but very undesirable in a 

foundation soil.  An extreme example of a highly organic soil would be: a peat 
deposit, which is composed of nearly 100 % organic material, and exhibits very 
high compressibility.  Organic soils are usually identified by their dark color (dark 
gray, dark brown, or black) and their somewhat musty, decayed odor.  It is, 
usually, possible, to visually identify small vegetable, root, or leaf particles 
present in organic soils. 

 
 
2.2.14 pH Value 
 
  The  pH  of  a  soil  should  be  measured, using a pH meter according to 

AASHTO T 289. The pH meter measures the voltage between two electrodes, 
inserted in a soil-water solution.  By comparing the voltage reading obtained with 
the reading on a solution of known pH, the pH of the soil-water solution can be 
determined. The pH of a soil (soil-water solution) is the common logarithm of the 
reciprocal, of the hydrogen ion concentration or: 

 
 

   pH = log (1/Hydrogen ion Concentration)           Eq. 2-3  
 
 
  The selection of this method of expression was made so that the hydrogen ion 

concentration could be reported using simple, whole numbers.  It is a measure of 
the actual hydrogen ion concentration of a soil-water solution, rather than a 
measure of the total acidity or alkalinity, as determined by titration methods.  A 
neutral solution, like distilled water, has a pH of 7.0; while lesser values are 
acidic, and higher values are basic (or alkaline). 

 
  The pH is used to predict the durability of soil reinforcement materials, such as 

geosynthetics and metals, in the soil environment.  Also, the pH is used in the 
control of lime stabilization projects, by measuring the pH after addition of various 
quantities of lime.  Another use of the pH of a soil is to determine the relative 
need for the addition of chemicals, such as agricultural lime (to sustain growth of 
landscaping grasses).  Many soils are, naturally, rather acidic. Plant life can be 
increased markedly by the addition of basic chemicals such as lime. 
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2.3 FIELD METHODS AND TESTS 
 
 

2.3.1 Standard Penetration Test (SPT) 
 
  The SPT test is to be conducted according to AASHTO T 206.  SPT utilizes a 

sampling device known as a split-spoon or split-barrel sampler.  The device  is  
approximately  0.762 m (2.5 ft) long, with an outside diameter of 51 mm (2 in.), 
and an inside diameter of 35 mm (1.375 in.).  It consists of, a drive shoe, split 
barrel, and a head which is attached to the drill rods.  A variation of the split 
barrel is the solid barrel (with a split insert liner). 

 
  The SPT is, normally, made at 0.762 m (2.5 ft) intervals.  The number of blows, 

N, required to drive the split-spoon 300 mm (12 in.), with a hammer weighing 
63.6 kg (140 lb), and falling free from a height of 0.762 m (2.5 ft) is known as: the 
standard penetration resistance.  Therefore, the SPT consists of driving the 
sampler into soil, and recording the blow count. 

 
   Any method of advancing the drill hole is permissible; provided that the hole is 

cleaned to the sampling elevation, prior to sampling; and that the soil to be 
sampled is not disturbed,  by  the  process  of making the hole.   The sampler is 
first driven 152 mm (6 in.) below the bottom of the hole, to insure proper seating.  
Then, it is  driven an additional two, l52 mm increments.  The number of blows, to 
drive each of the l52 mm increments is recorded on the field log. The sum of the 
latter two increments is the N value. 

 
   The SPT is performed for two, primary, purposes:  1) to obtain a representative 

sample of the subsoil strata for purposes of identification, classification, 
unconfined compression testing, moisture and density tests; and 2) to obtain a 
measure of the relative density and/or consistency of the soils.  It is the only 
simple, widely used test, presently available, to determine design data for 
cohesionless soils. 

 
  The results of a SPT test can usually be correlated, in a general way, with the 

relative density of granular cohesionless soils; and, in a less reliable way, with 
the consistency or compressive strength of fine grained cohesive soils. 

 
  A fairly reliable correlation of N, with the relative density and friction angle for 

granular soils is shown in Table 2-3. 
 
  The correlation of N, with consistency and strength in cohesive soils, should be 

used only in the general descriptive manner as shown in Table 2-4. In this table, 
the consistency and strength correlations are very poor, because of:  variations in 
over consolidation ratio (OCR), aging, moisture content, use (or lack of use) of 
drilling fluid for sampling, pore pressures and ground water table. 
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 Table 2-3  Relative Density and Friction Angle as a Function of the N Value 
 

N Value Relative Density Friction Angle*, ∅, Deg. 
0 - 4 Very Loose  26 - 30 

4 - 10 Loose 28 - 34 
10 - 30 Medium Dense 30 - 40 
30 - 50 Dense 33 - 45 
Over 50 Very Dense ≤ 50 

 
 * Lower limits for fine, clean sand; and may be reduced by up to 5º for silty sands. 
   The upper limits for coarse clean sands. 
 
 
  
Table 2-4  Strength and Consistency as a Function of the N Value 
 

N Value Consistency Strength, Qu, kPa (tsf) 
< 2 Very Soft < 25          (0.25) * 

2 - 4 Soft    25 -  50  (0.25 - 0.50) 
4 - 8 Medium Stiff 50 - 100  (0.50 - 1.0) 

8 - 15 Stiff 100 - 200  (1.0   - 2.0) 
15 - 30 Very Stiff 200 - 400  (2.0   - 4.0) 
> 30 Hard 400 - 800  (4.0   - 8.0) 

 
*Not an exact conversion. 

 
 
 
   It must be emphasized, that the quality of sample obtained and, therefore, the 

degree of accuracy of the unconfined compression test, and finally the design of 
the structure are all dependent on the care used in performing the test.  
Therefore, it is important that the hole is clean, that the soil below the hole is 
relatively undisturbed, that the hammer falls freely (not more than 2 1/4 rope 
turns on the cathead), and that the split-spoon be in good condition.  Any rock or 
foreign object encountered that affects the blow count must be noted on the 
boring logs, along with the water level data.  If the automatic hammer is used, the 
hammer casing should be kept clean, and free from soil and rock particles, or 
foreign objects.  IDOT mostly uses the automatic hammer which provides an 
efficiency of  75  to  80%, compared to the rope and cathead type with 60% 
efficiency.  Therefore, an energy correction, or hammer calibration is needed for 
liquefaction analysis.   
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2.3.2 Pocket Penetrometer (pp) Test 
 

 A commonly used approximation of the unconfined compression test is 
performed by using a hand size calibrated penetration device, called a pocket or 
hand penetrometer.  This device consists of a calibrated spring and a 6.4 mm 
(0.25 in.) diameter piston, both encased inside a metal casing.  The test is, 
usually, performed in the field, on split-spoon soil samples or, sometimes, an 
auger cutting.  When the piston is forced, by hand, to penetrate into the soil 
sample a distance of 6.4 mm (0.25 in.), at a constant rate, the calibrated spring is 
compressed into the penetrometer; giving an unconfined compression strength, 
or Qu reading, on a scale.  The pp values should not be used for design 
recommendations, stability or settlement analyses.  It may only be used for an 
initial estimate of subgrade soil treatment depth, in the absence of other more 
accurate data.   

 
 The use of a pp is valuable only as a guide (or supplement) to more precise 

strength determinations.  The strength value obtained is influenced by the 
extremely small area of the piston, the skill of the operator, and the particular 
spot on the sample where the piston is applied.  For example, if small pebbles 
are present in the sample, several hundred percent strength difference may be 
obtained from the same specimen, depending upon where the piston is inserted.  
Therefore, the test results for hard glacial tills, commonly encountered in Illinois, 
are questionable.  The test might be well suited for soft to medium stiff clays.  
Thus, several penetrometer readings should be taken, on the same specimen, 
and on different specimens; and engineering judgment applied to their results, if 
an intelligent estimate of a soil strength is to be made from penetrometer 
readings.  More precise testing methods should be used whenever possible. 

 
2.3.3 Rimac Compression Test 
 
  This test is performed, in the field, on cohesive soils obtained from split-spoon 

samplers.  The test is relatively quick, simple, and more accurate than the pp.  
The test is performed using a Rimac spring tester (Figure 2.8).  The apparatus 
was originally developed for testing automobile valve springs.  However, IDOT 
has modified the apparatus, by changing the gears to give a slower deformation 
rate for soil testing.  A copy of the shop drawing, for changing the gears, can be 
obtained from the BMPR’s Geotechnical Engineer.   

 
  The operator obtains a reasonably intact specimen from a split-spoon sampler; 

and measures the dimensions after carefully trimming the length.  The sample is 
placed between the platens of the Rimac tester (in an upright position), and a 
slow, continuous, uniform load is applied to the sample.  The rate of load 
application is one complete handle revolution, every 12 seconds (5 rpm).  The 
average time, per test, ranges from 3 to 6 minutes.  This rate of load application 
must be used.  Since this test is relied on for “initial” stability analysis, according 
to Sections 3.2.3.2, 4.2.1 and 5.2.9, it is a critical test in the boring operation and 
should not be hurried. 
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  The Rimac test is considered more accurate than the pp test. However, there are 
several factors that influence the Rimac Qu data.  These factors include:  the 
condition of the Rimac tester, sample dimensions, the method and rate of 
loading, and type of soil.  Since Rimac test procedure is hand operated, the test 
results may be inconsistent, due to human error, and may vary significantly for 
the same soil.  Periodic calibration of the equipment is necessary to ensure 
consistency and data validation over a long period of time.  The calibration can 
be performed in the lab by loading a precalibrated spring, with a known constant, 
using the Rimac tester to be calibrated.  If the Rimac load gauge provides the 
same spring constant, no adjustment is needed.  Otherwise, the Rimac gauge 
must be adjusted to reflect the correct load. 

 
 
   
 

 
 
 
 

Figure 2.8  Rimac Spring Tester (Contact BMPR If A Shop Drawing For Gear Modification Is Desired) 
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2.3.4 Vane Shear Test 
 

The vane shear test is to be conducted according to AASHTO T 223.  The vane 
shear test was developed as a means of determining the in situ shear strength of 
cohesive soils which are quite soft or easily disturbed by conventional sampling 
operations. Therefore, the test is limited to soft or medium stiff, saturated, clayey 
soils. 
 
The vane shear test consists of manually pushing a four-bladed vane, into the 
undisturbed soil, and rotating the vane from the surface; to determine the 
torsional force required, to cause a cylindrical surface sheared by the vane.  The 
torsional force is then converted, to a unit shearing resistance around the 
cylindrical surface sheared.  After the test of the undisturbed soil is completed, a 
remolded shearing strength is, usually, obtained; by turning the vane rapidly 
through several revolutions, and then measuring the torsional force required to 
shear the remolded soil. 
 
The vane shear test has the distinct advantage of very little sample disturbance, 
before testing.  However, some disadvantages also exist, particularly:  1) Unless 
a nearby soil boring was already drilled, the type of soil being tested is, usually, 
unknown until after the test is over, and the hole is advanced past the elevation 
tested; and 2) the test is, usually, limited to the weaker soils, which are free of 
pebbles or stones. 
 
Soils which will permit drainage or dilate, during the test, are not appropriately 
tested by the vane apparatus.  Normally, vane tests are performed at 0.76 m (2.5 
ft) intervals, throughout the soft cohesive soil stratum.   
 
Friction in the vane rod and instrument should be accounted for. Otherwise, the 
friction would be improperly recorded as soil strength.  Friction under no-load 
conditions (such as use of a vane that allows a partial turn of free rotation prior to 
loading), must be determined.  No side thrust in the measuring device, under 
peak load, should be permitted.  Side thrust results in a change of frictional 
conditions.  As in the case of the hand penetrometer, several readings should be 
taken and engineering judgment applied to the results. 

 
 

2.3.5 Field Density and Moisture Measurements (Nuclear Method) 
 

The field dry density is determined  by the nuclear  gauge  method; according to 
AASHTO T 238, using the direct transmission procedure.  In this procedure, the 
total or wet density is determined by the attenuation of gamma radiation; where a 
source or detector is placed at a known depth up to 300 mm (12 in.), while the 
source or detector remains at the surface.  With appropriate gauge calibration 
and adjustment of data, the wet density is determined.  The moisture content of 
the in situ soil is also determined by the nuclear gauge; according to AASHTO T 
239 test method, by the thermalization or slowing of fast neutrons where the 
neutron source and the thermal neutron detector both remain at the surface 
(backscatter procedure).  The dry density is then computed from the wet density, 
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using Eq. 2-1 (d) in Table 2-1.  A calibration curve must be developed for each 
nuclear gauge, to correlate the measured intensity of gamma rays with the wet 
density. 
 
Field density and moisture content are measured in order to conform with IDOT’s 
specifications, the dry density of embankments (or similar construction) must be 
equal to or greater than some percentage of the SDD determined in the 
laboratory according to  AASHTO T 99.  Depending upon the position within the 
embankment, different percentages of the SDD are required.  The density of the 
compacted embankment must be checked, by an engineer or a technician, at 
regular intervals.  The field density test is used to check a contractor’s 
conformance with specifications. 
 
The accuracy of nuclear measurement of moisture contents is susceptible to 
certain chemical effects.  Any organic elements or hydrocarbons; such as, road 
oil, asphalt, etc., tend to appear as moisture to a gauge, and will result in higher 
than actual observed moisture content.  Chemically-bound water (such as found 
in gypsum) will also be indicated in nuclear methods, but not in conventional 
methods.  Soils containing iron or iron oxides, having a higher capture cross 
section, will indicate a lower than actual moisture content.  These effects in no 
way diminish the usefulness of nuclear moisture gauges; as their influence is 
often negligible, or may be compensated for by adjustment. 
 
2.3.5.1   Zero Air Voids Curve   
 
 The zero-air-voids curve represents the moisture-density relationship 

for a fully saturated soil, i.e. when the volume of air voids is zero [as 
shown in Figure 2.1 (b)].  The curve helps field personnel check the 
validity of the compaction curve, for a particular soil.   The dry density 
(ρd) can be plotted versus the moisture contnet (w), to establish the 
zero-air-voids curve on a moisture-density graph as shown on Figure 
2.4, using the following equation: 

 
 
   ρd = (Gs ρw) / (1+ w Gs)           Eq. 2-4 
 
  , where all symbols are as defined in Table 2-1.  
 
 
2.3.5.2   One Point Field Method   
 
 This method is to be conducted according to AASHTO T 272.  For many 

types of construction, it is often impractical to perform a complete 
moisture-density analysis of the soils encountered.  This is particularly 
true for highway construction, because of the great number of different 
soil types that are encountered.  It would be both time consuming and 
uneconomical, to establish a moisture-density curve for each new soil 
type.  However, it is important to establish numerical values for the SDD 
and the OMC of each soil. 
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 A simplified procedure, which allows the determination of the desired 

information, is the one-point Proctor test.  In this procedure, one density 
and the corresponding moisture content value are determined.  These 
values are determined in a field laboratory, in a relatively short period of 
time (approximately 20 minutes).  The procedure is as follows:  A 
sample of the soil from the field test site is obtained and transported to 
the field laboratory.  This sample must be handled in such a manner as 
to prevent loss of moisture during transportation.  Once in the 
laboratory, the sample is compacted in a 100 mm (4 in.) diameter mold, 
according to AASHTO T 99.  The mold is struck-off, and the compacted 
specimen is weighed. The compacted soil sample is then extruded from 
the mold, and placed in the oven for moisture content determinantion.  
The dry density and the moisture content of the sample, as compacted, 
can be calculated using the relationships in Table 2-1.  With this 
information, the SSD and the OMC can approximately be estimated by 
using the family of curves method outlined in AASHTO T 272. 

 
 

2.3.6 Field Density Measurment (Other Methods) 
 
 The Specifications permit using AASHTO T 191 (Sand-Cone Method), AASHTO 

T 204 (Drive Cylinder Method) and AASHTO T 205 (Rubber-Ballon Method), if 
approved by the Engineer, to obtain the field density.  However, these methods 
are not frequently used.   

 
 

2.3.7 Shelby Tube Sampling 
 
  The Shelby tube sampling is to be conducted according to AASHTO T 207 

standard method.  If other relatively undisturbed sampling systems are used, at 
the discretion of the DGE, the area ratio (Ar) defined by Equation 1-1 must not 
exceed 30%.  

 
  Shelby tube sampling is a method used to obtain relatively undisturbed soil 

samples in cohesive materials, where it is not desirable to use the split-spoon 
method for sampling.  Less sample disturbance results from Shelby tube 
sampling for two reasons:  1) the tube has very thin walls.  For a 50.8 mm (2 in.) 
diameter tube, the wall thickness is only 1.57 mm (0.062 in.), compared to a split-
spoon wall thickness of 7.92 mm (0.312 in.); and  2) the sampler tube is 
hydraulically pressed into the soil, rather than being driven with the 
accompanying vibrations. 

 
  Any size of tube may be used, but 76.2 mm (3 in.) outside diameter tubes or 

larger are preferred, for samples of good quality.  The tube diameter is controlled 
by the inside diameter of the bore hole, or the casing being used.  It is common, 
to use 76.2 mm (3 in.) diameter by 0.91 m (3 ft.) long tubes.  The tubes are 
forced into the strata with a steady hydraulic force.  The comments pertaining to 
subsoil disturbance, and the need for a clean hole are equally as applicable for 
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Shelby tube sampling, as for split-spoon sampling.  The tube should be pushed 
0.76 m (2.5 ft), turned one revolution, and retracted from the hole.  The ends of 
the tube are then examined for classification purposes, sealed with paraffin, and 
labeled for shipment to the soils laboratory.  The hole is further advanced 0.76 m 
(2.5 ft), if another sample is to be taken. 

 
  The Shelby tube samples are used for laboratory unconfined compression, 

triaxial, consolidation and classification testing.  Therefore, it is important that the 
tubes be properly sealed to prevent moisture loss, protected from vibration and 
shock, and protected from freezing and extreme heat during shipment to the 
laboratory.  Tubes tend to rust rapidly, both on the inside and outside.  Therefore, 
shipment and testing should be done as rapidly as possible. 

 
 

 2.3.8 DCP Test 
 
  The DCP was developed by Professor George F. Sowers (1959).  ASTM 

Publication No. STP 399 presents a review of Sowers’ work, and data on the 
correlation between the DCP and the SPT.  Some state and local transportation 
agencies, including IDOT, use the DCP to check the subgrade stability, and 
depth of subgrade treatment during construction.  The DCP currently used by 
IDOT slightly differs, in dimensions, from the one developed by Sowers (1959).  
As shown in Figure 2.9, the DCP consists of: 

 
• a 60-degree cone, with a 315 mm2 (0.5 in.2) base area, 
  
• a ± 1 m (± 40 in.) long, 16 mm (5/8 in.) diameter, graduated steel rod, with 5 

mm (0.2 in.) graduations, and 
  
• an 8 kg (17.6 lb) sliding hammer, which slides along a steel rod to allow for a 

free fall of 575 mm (22.6 in.).  The hammer drops on a drive anvil attached to 
the rod.  

 
  The cone threads into the graduated rod, and the latter threads into the drive 

anvil, to prepare the equipment for the DCP test.  The test is conducted by 
driving the cone into the soil, by dropping the hammer on the drive anvil from a 
575 mm (22.6 in.) height, and measuring the amount of PR per blow.  The test is 
continued to a depth of 450 to 900 mm (18 to 36 in.) into the soil, as needed.  
Similar PR values are averaged together.  The average, indicating the maximum 
PR, is used for determining the equivalent in situ CBR.  As explained in Section 
6.5, the PR is converted to an equivalent CBR value by using Figure 6.2 (a or b).  
Using the CBR value in Figure 6.3, the subgrade stability can be evaluated, to 
determine the depth of subgrade treatment, if needed. 
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Handle
8 kg (17.6 lb)

Hammer

Cone

60° Cone Angle

Drive Anvil

16 mm ø (5/8" ø)
Steel Rod

20 mm ø (13/16" ø)  
 
 

Figure 2.9  The DCP Apparatus 
 
 
  The DCP has the advantages of being relatively inexpensive, requiring minimum 

maintenance, and being easy and quick. It allows frequent field testing at a 
reasonable time.  Also, quite often, silty soils meet the moisture-density 
requirements, even though the soils could be “pumpy” and unstable under the 
construction traffic.  In such cases, the DCP is a good indicator of subgrade 
stability.  The DCP can be driven through hard, crusted soils.  It can be driven to 
a depth of 1 m (3 ft) at each test location, without excavating any soil layers.    

 
  For preliminary estimation of subgrade treatment, during the field investigation, 

the DCP can also be used to identify soft subgrades in deep cut areas.  In this 
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case, extension rods might be used to conduct the DCP test to a depth of 3 m 
(10 ft) in a soil boring, if a hollow stem auger is used for drilling the boring.  The 
DCP can be either purchased from a soils testing equipment company, or 
custom-made to specifications using a simple shop drawing (Figure 2.9).  

 
 
2.3.9 SCP Test 
 
  The SCP is a static cone penetrometer, which was developed by the Corps of 

Engineers.  It can be used, as an alternative to the DCP, for determining the in 
situ CBR value, and the depth of subgrade treatment during construction.  The 
SCP can also be used during the field investigation, for preliminary estimation of 
subgrade treatment.  The SCP is lighter, and a less awkward tool to use, than the 
DCP.  As shown in Figure 2.10, the SCP consists of: 

 
• a 30-degree cone, with a 315 mm2 (0.5 in.2) base area.  
  
• a 0.46 to 1 m (18 to 40 in.) long, graduated steel rod, 16 mm (5/8 in.) 

diameter,  marked at 150 mm (6 in.) intervals.  The bottom 150 mm (6 in.) 
interval is marked at 25 mm ( 1 in.) subintervals, and 

  
• a proving ring or spring-calibrated dial gauge for measuring the “cone index”. 

 
  The cone index is equal to the penetrometer load divided by the base area, and 

has units (not expressed) of kPa (or psi).  The SCP test is conducted by pushing 
the cone slowly into the soil, and the cone index readings are averaged at 150 
mm (6 in.) increments of penetration. The lowest average value in the test is then 
converted into an equivalent CBR, using Figure 6.3.  In this figure, the cone index 
units are in “psi”.  The SCP test should be conducted after the subgrade has 
been stressed with several passes of a loaded truck.  Any crust formed on the 
subgrade, from drying, must be removed before conducting the test.   Crusted 
subgrades give high readings that do not reflect the strength of the weaker 
underling soil.  Several tests should be made to delineate the unstable area in 
the subgrade.  A good judgment is necessary to apply a uniform thickness of 
improvement over the area, to satisfy the subgrade stability requirement of 
Figure 6.3. 

 
2.3.10 CPT Test 

 
  The CPT is a mechanical or an electronic cone penetration test, which is to be 

conducted according to ASTM D 3441 Standard Test Method.  The test is, 
sometimes, referred to as the “Dutch Cone Test”, since it was originated in the 
Netherlands.  The quasi-static CPT includes the use of both cone and friction 
cone (sleeve) penetrometers for measuring the tip resistance and sleeve friction, 
respectively.  The improvements in transducer technology have further led to the 
development of the piezocone for measuring the pore pressure during 
penetration, in addition to the tip resistance and sleeve friction.  Later, the 
seismic cone was developed to measure the dynamic shear modulus.   
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  Using the electronic data acquisition equipment, the CPT can be used to rapidly 
obtain continuous soil profile including soil description, cohesion, friction angle 
and pore pressure data with depth.  The test is performed by pushing the 
standard cone [with 60o apex angle, 35.7 mm (1.4 in.) base diameter and 1000 
mm2 (1.55 in.2) projected area] into the ground at a rate of 10 to 20 mm/sec.       ( 
0.4 to 0.8 in./sec.).  Data is recorded continuously with depth at intervals not 
exceeding 200 mm (8 in.).  

 
 The CPT has been used for estimating the soil shear strength, pile capacity, 

liquefaction potential, and for providing classification of various soil deposits as 
well as data for different design problems. However, the CPT has the 
disadvantages of not obtaining a soil sample for visual identification or laboratory 
testing.  Also, it can only be used in soft clays and fine to medium sands.  The 
test cannot be used in gravels and stiff to hard clays. 

 
 
 

Proving Ring

Handle

Dial Indicator

16 mm ø (5/8" ø)
Penetration Rod

30° Cone

20 mm (13/16")  
 

Figure 2.10  The SCP Apparatus 
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2.3.11 Field Identification of Soils 
 

  Accurate identification of soil samples is to be made in the laboratory according 
to the methods described in Section 2.2.4.   However, due to the lack of 
necessary facilities in the field to accurately identify the soil, field identification of 
soil would primarily depend on some visual and simple physical tests of the soil.  
Experience is an important factor in identifying the soil as accurately as possible.  
Therefore, field identification of soils should only be considered as a preliminary, 
approximate information about the insitu soil stratification.   For any design 
recommendations, or for changing certain construction procedures, field 
identification must always be confirmed by laboratory tests. 

 
  As soil samples are extracted from borings, test pits or road cuts, they should 

approximately be identified in the field; in terms of texture, color and engineering 
classification. Table 2-5 shows the particle size limits for different soil 
constituents.  This table can be used in the field mainly as a guideline to 
distinguish between fine and coarse sand, or between fine and coarse gravel.  A 
flow chart is prepared in Figure 2.11 as a general guideline for identifying clayey, 
silty and sandy soils.   Figure 2.11 also shows the difference  between organic 
silt, organic clay and peat. 

 
 

Table 2-5  Particle Size Limits of Soil Constituents 
 

Description   Size Range  
 mm U.S. Sieve 

Cobble / Boulder > 76 > 3 in. 
Coarse Gravel 19 to 76 0.75 to 3 in. 

Fine Gravel 4.75 to 19  No. 4 to 0.75 in. 
Coarse Sand 2.00 to 4.75 No. 10 to No. 4 
Medium Sand 0.425 to 2.00 No. 40 to No. 10 

Fine Sand 0.075 to 0.425 No. 200 to No. 40 
Silt 0.002 to 0.075 < No. 200 

Clay < 0.002 - 
 
 

 
2.3.12 Field Identification of Rock 

 
  In rock mechanics, it necessary to distinguish between rock mass and a rock 

sample.  A rock sample is the material between any structural discontinuity in a 
rock mass.  Rock mass is the aggregate of regular or irregular blocks of rock 
material.  The blocks are separated by structural features such as bedding 
planes, joints, fissures, cavities and other discontinuities.  This means that 
identification of  a rock sample,  in terms of strength or integrity,  may  not  reflect  
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L

Si or SiL

SaC or
SaCL SaC

SiC or
SiCL

CL SiC

C

Test 1:  Mix the soil with water to a very soft consistency in the palm of your hand.
Tap the back of your hand.  How quickly does water rise to the surface of the soil?

Rapidly? Slowly? Not at all?

Test 2:  Add dry soil and form a thread of soil between your hands.
What is the strength of the thread before crumbling?

Weak,
Friable? Medium? Strong,

Unfriable?

Does the soil smell like decaying vegetation or contain fibrous material?

No

Slowly? Not at all?

Weak,
Friable?

Strong,
Unfriable?

Organic
Silt

Organic
Clay

Does the soil contain mostly
fibrous materials?

Yes

No

Peat

Yes

Mostly
gritty?

Mostly
smooth?

Mostly
gritty?

Mostly
smooth?

Yes

No

Yes

No

Mostly
gritty?

Mostly
smooth?

No

No

Yes

Yes

No

Yes

Yes

No

Test 3:  Excessively wet a small amount of soil in your
palm and rub the soil with your forefinger.

Sa or
SaL

Perform Test 1

Perform Test 2

 
 
 

Figure 2.11  Simplified Flow Chart For Field Identification Of Soils   
 
 
 

  the same characteristics as the entire rock mass.  Therefore, as a minimum, field 
identification of rock should include: 

 
• Rock type (such as, granite, shale, sandstone, or marble) 
• Color (which might change with moisture condition) 
• Moisture condition (wet or dry) 
• Grain Size and Shape (such as coarse grained, angular or fine grained 

rounded) 
• Texture (stratification/foliation, such as thin-bedded) 
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• Mineral Composition (if an experienced geologist is conducting the 
identification) 

• Weathering and Alteration 
• Rock Quality [based on the Rock Quality Designation (RQD) for rock cores] 
• Core Recovery Ratio (for rock cores) 
• Strength (weak or strong-based on experience, otherwise, test rock samples 

in lab) 
• Other relevant notes (such as presence of foreign material) 

 
 When rock cores are obtained, it is important to measure the core recovery  and 

the RQD.  The core recovery ratio is the length of rock core recovered from a 
core run, divided by the total length of the core run.  This ratio gives indications 
regarding the presence of weathered zones, plugging during drilling, loss of fluid, 
and recut or  rolled pieces of core.  The RQD, expressed in percent, is the sum of 
the lengths of all pieces of sound core over 100 mm (4 in.) long, recovered from 
a core run, divided by the total length of the core run.  For example, if the core 
length is 1000 mm (40 in.) and there are 10 rock pieces, 7 of which with lengths 
less than 100 mm (4 in.) and 3 pieces with lengths of 100 mm (4 in.), 125 mm (5 
in.) and 150 mm (6 in.),  respectively,  the RQD for this core is 37.5%.  The piece 
length is an average length which should be measured at the midpoints on each 
end.  There are correlations between the RQD and the average quality and 
strength of a rock mass.  Table 2-6 shows a correlation between the RQD and 
the rock quality.  For information on other correlations for different rock types, 
see Arman et al. (1997). 

 
 Sedimentary rocks are the most common strata in Illinois, although some 

igneous and metamorphic rocks may be encountered in southern Illinois.  Table 
2-7 provides a guideline for basic sedimentary rock identification. 

 
 
 

 
Table 2-6  Relation of RQD to In Situ Rock Quality 

 
 

RQD, % Rock Quality 
90 - 100 Excellent 
75 - 90 Good 
50 - 75 Fair 
25 - 50 Poor 
0 - 25 Very Poor 

 
 

 
 
 
 
 



January 1999 

2-36 

Table 2-7  Basic Sedimentary Rock Identification 
 

Description Individual Grain 
Size 

Cementation 
or Hardness 

Layered 
Grains* 

Reaction 
with HCl 

Sandstone Visible 
 0.075 to 4.75 mm Weak to 

Strong 
No No 

Siltstone Visible 
0.002 to 0.075 mm Weak to 

Strong 
No No 

Shale Not Visible Soft to Hard Yes No 
Mudstone or 

Claystone Not Visible Soft to Hard No No 

Limestone Not Visible Hard No Rapid 
Dolomite Not Visible Hard No Slow 

 
*   Nearly all sedimentary rocks show evidence of stratification.  Shales show layering of 

the grains. 
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CHAPTER 3 
 

GEOTECHNICAL ANALYSES 
 
 
 
3.0 INTRODUCTION 
 
 With the soils exploration program completed and the data available, the geotechnical 

engineer is ready to start the geotechnical analyses.  Good geotechnical analyses begin 
with a good understanding of the soil data, profile, and parameters. 

 
 The intent of this chapter is to provide general guidance to identify the soil and foundation 

concerns that need to be evaluated, and the current requirements that the analyses 
should satisfy.  It is presumed the engineer is familiar with all aspects of geotechnical 
engineering, as they relate to the behavior of earth structures and roadways.  The term 
“analyses” in this manual does not, necessarily, include all the mathematics needed to 
analyze a certain situation. 

 
 The design analyses contained in the Geotechnical Report should be in compliance with 

current requirements given in this manual, the BMPR’s SSM, AASHTO Specifications and 
guide specifications, the BBS’ Bridge Manual and Culvert Manual, as well as current 
published FHWA Manuals and guidelines.  When there is conflict, IDOT’s policy and 
requirements supersede any other requirements. 

 
 This chapter is divided into three sections, the first being this introduction.  The second 

section addresses the geotechnical analyses requirements for the design of pavement 
subgrades, drainage, embankments, and cuts.  The third section addresses the 
geotechnical analyses requirements for the foundations of highway structures.  This 
chapter is also supplemented by Appendix III. 

 
 The material in Section 3.2 will become a part of the Bridge Manual, which will be revised 

more often than this manual.  Therefore, the geotechnical engineer should first refer to the 
Bridge Manual for current information. 

 
 
3.1 GEOTECHNICAL ANALYSES FOR ROADWAYS 
 
 This section focuses on roadway subgrades and embankments.  However, embankments 

for structures are excluded.  Subgrades and embankments are evaluated in two phases:  
during the geotechnical investigation phase, and during the construction phase. 

 
 In the investigation phase, subgrades and embankments are evaluated to: 1) provide the 

soil parameters needed for pavement design;  2) predict soil related problems during 
construction, if any;  3) recommend possible solutions or treatments at specific locations 
along the roadway alignment. 
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 In the construction phase, subgrades and embankments are evaluated to:  1) verify the 
problems anticipated during the investigation phase;  2) determine the actual depths of 
subgrade treatments, or other recommended solutions to provide a stable construction 
platform. 

 
 For the above reasons, the subjects of “subgrade” and “embankments” are discussed in 

this chapter, and repeated in Chapter 4, as well as in Chapter 6. 
 
 
 3.1.1 Settlement Analysis 
 
  This section addresses only the consolidation settlement in the natural ground, 

under the embankments.  Normal construction practices are usually adequate to 
preclude excessive post construction consolidation within the embankment. 

 
  Consolidation settlement takes place when the weight of the embankment exceeds 

the previous stress history of the underlying strata.  In this case, the soil particles 
are pressed more closely together.  The amount of settlement is a direct 
measurement of the reduction in the soil voids space. 

 
  Soil settlement consists of primary and secondary consolidation.  Primary 

consolidation is the portion of the consolidation curve in which the reduction in void 
ratio is associated with the dissipation of excess pore water pressure.  The pore 
pressure depends on soil permeability, which is a function of the particle size.  
Granular materials are sufficiently permeable to dissipate excess pore water 
pressure as quickly as the embankment load is applied.  At the other extreme, 
thick deposits of wet, high clay content soil may not achieve equilibrium pore water 
pressure for decades. 

 
  Secondary consolidation occurs after full dissipation of excess pore water 

pressure.  Secondary consolidation is a problem with high organic deposits, such 
as peat.  For peats, the total secondary consolidation could be twice as much as 
the primary consolidation.  With mineral soils, the secondary consolidation is not 
commonly considered a problem. The consolidation characteristics of fine grained 
soils are evaluated in the laboratory, on specimens taken from undisturbed 
samples.  The methods of calculating the primary and secondary settlements, as 
well as the consolidation times (t90 and t50), are illustrated in Appendix IV. 

 
  It has been IDOT’s experience that saturated soil deposits, with moisture contents 

in the low 20's, seldom experience significant settlements.  When moisture 
contents reach 25 % or more, there is greater concern.  This is especially true with 
a thick soil stratum. 

 
  If consolidation test data is not available, the primary settlement (S) can be 

estimated if the natural moisture content (Wn) is known.  Assuming Wn = LL, the 
compression index (Cc) is calculated from the following empirical formula: 

 
 
 
 
                               Cc = 0.009 (Wn - 10)                                               Eq.  3-1 
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  The settlement (S) is then calculated as: 
 
    S = [Cc H / (1 + eo)]  Log  [(P’o + − P’) / P’o]                      Eq.  3-2 
 
 
   Where:   H = Thickness of the compressible layer. 
                 eo = Initial void ratio. 
                P’o = Effective overburden pressure to the center of the layer. 
               ∆P’ = Increase in stress, resulting from embankment or foundation 
              loads, at the center of the layer. 
 
 
  The above procedure is used to determine consolidation prone soil deposits that 

may require undisturbed sampling for further laboratory evaluation.  This simplified 
procedure is based upon the assumption the soil is a saturated, normally 
consolidated, and an insensitive clay.  Any deviation from these assumptions will 
substantially reduce the amount of settlement calculated by this procedure.  In 
addition, while this method may yield a degree of insight into the amount of 
settlement, it furnishes no clue as to the settlement time. 

 
  For very soft to soft clays [Qu between 24 and 48 kPa (0.25 and 0.50 tsf)], the 

settlements computed by this method are likely to be reasonably accurate.  For 
medium and stiff clays [Qu between 48 and 190 kPa (0. 5 and 2.0 tsf)], the actual 
settlements are likely to range between one-fourth and one-tenth of the computed 
values. 

 
 
 3.1.2 Stability Analysis 
 
  3.1.2.1 Stability of Subgrades 
 
   Subgrade stability must consider the short-term and long-term behavior of 

the subgrade.  The subgrade should adequately support the heavy 
equipment during construction, with minimum rutting.  The subgrade 
should also support the roadway during its design life.  The construction 
aspects are discussed in Chapter 6. 

 
   In addition to the subgrade requirements in the Standard Specifications, 

there are field conditions which must be considered during the life of the 
pavement structure.  The stress level at the subgrade, under repeated 
peak axle load repetitions, must be maintained within the range of elastic 
response of the subgrade soil.  Failure to do so will result in the yielding 
of the subgrade, resulting in loss of pavement support and pavement 
failure. 
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   Internal drainage of the pavement system and the subgrade can exert a 
profound influence on the pavement performance.  As the ground water 
rises  toward  the subgrade,  and particularly within the upper 900 mm (36 
in.) of a fine grained soil subgrade, the soil is essentially saturated.  The 
result is load support reduction. 

 
  3.1.2.2 Stability of Slopes 
 
   The principal modes of failure (slip) in soil or rock are:  1) rotation on a 

curved slip surface, approximated by a circular arc;  2) translation along a 
planar surface,   whose  length  is  large  compared  to  depth  below  
ground elevation;  3) displacement of a wedge shaped mass, along one 
or more planes of weakness.  Other modes include:  toppling of rock 
slides, falls, block slides, lateral spreading, earth and mud flows in clayey 
and silty soils, and debris flows in coarse grained soils.  The books by 
Turner and Schuster (1996) and Abramson et al. (1994) contain details 
and illustrations of the different modes of slope failure.  As a word of 
caution, in stability studies, the geotechnical engineer should be aware of 
any ditches to be located at or near the toe of the slope. 

 
   A slip circle could be a base circle, a toe circle, or a slope circle.  A base 

slip circle develops when there is a significant thickness of weak 
foundation soil.  The base of the failure arc is tangent to the base of the 
weak layer, and the arc will have a significant portion of its length in the 
weak soil.  A slope circle develops within the embankment and intersects 
with the slope.  Sloughing of the slope, due to erosion, is an example of a 
slope slip circle.  A toe slip circle develops in the embankment and 
intersects at the toe.  This happens, sometimes, when the embankment 
material becomes saturated and failure occurs. 

 
   A planar failure is more commonly associated with the shear plane 

following a thin zone of weakness, and is seldom far below the base of 
the embankment or toe of slope.  The failure plane may develop at the 
soil-shale contact, with seepage on the shale surface.  The planar failure 
may also develop at the base of an embankment.  This could happen 
when an organic layer and vegetative cover have been inadequately 
processed during construction, resulting in a built-in failure plane. 

 
   Block movements are more common to cut sections through relatively 

competent soils; such as a weathered glacial till.  The movements take 
place along secondary structural cracks and joints.  Residual soils may 
also fall into this group, with the plane of movement taking place along 
relic joints and bedding planes. 

 
   a) Embankment Slopes - Slope failure takes place when the sliding 

forces exceed the resisting forces. The force imbalance may be 
caused by one or more of the following situations, for embankment 
slopes: 
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    1) Slope profile changes that add driving weight at the top,  or 
decreases in the resisting force at the base.  Examples would be 
the steepening of the slope or undercutting of the toe. 

 
    2) Vibrations induced by earthquakes, blasting, or pile driving. 

Depending on their frequency and intensity, induced dynamic 
forces could cause either liquefaction or densification of loose 
sand, silt, and loess below the ground water surface.  Dynamic 
forces could cause the collapse of sensitive clays, thereby, 
resulting in increased pore pressures.  Also, see Section 3.2.7.3 
for the effect of seismic liquefaction. 

 
    3) Overstressing of the foundation soil.  This may occur in cohesive 

soil during or immediately after construction.  Usually, short-term 
stability of embankments on soft cohesive soil is more critical 
than long-term stability, because the foundation soil will gain 
shear strength as the pore pressures dissipate.  It may be 
necessary to check the stability for various pore pressure 
conditions.  Usually, the critical failure surface is tangent to a 
firm layer underlying the soft soil. 

 
   b) Cut Slopes - The stability of cut slopes made in soft cohesive soils 

depends on the strength of the soil, the slope angle of the cut, the 
depth of the excavation, and the depth to a firm stratum (if one exists 
not too far below the bottom of the excavation). The stability of cut 
slopes in granular soil is highly influenced by the ground water level 
and friction angle. 

 
    Cut slope failure in soil may result from the following: 
 
    1) Changes in slope profile which result in the increase of driving 

forces, and/or a decrease in the resisting forces.  Additional 
embankment on top, steeper side slopes, or undercutting of the 
toe are examples. 

 
    2) An increase of pore water pressure, resulting in a decrease in 

frictional resistance in cohesionless soils, or swell in cohesive 
soils.  An increase in pore pressure could result from slope 
saturation by precipitation, seepage, or a rise in the ground 
water elevation. 

 
    3) Progressive decrease in shear strength due to weathering, 

erosion, leaching, opening of cracks and fissures, softening, and 
gradual shear strain (creep). 

 
    4) Vibrations induced by earthquake, blasting, or pile driving, as 

explained in Section 3.1.2.2 a) 2). 
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    5) Earth slopes subjected to periodic submersion (for example, 
along streams subject to water fluctuations).  Also, loss of 
integrity due to seepage water moving to the face of the cut 
(piping). 

 
    Failures in cut slopes involving rock or soil/rock may result from: 
 
    1) Chemical weathering. 
 
    2) Freezing and thawing of water in the joints. 
 
    3) Seismic shock. 
 
    4) Increase in water pressure within the discontinuities. 
 
    5) Alternate wetting and drying (especially in expansive shales). 
 
    6) Increase in tensile stress, due to differential erosion. 
 
  3.1.2.3 Discussion of Slope Stability Analysis 
 
   While a longhand analysis is very helpful in understanding the mechanics 

of sliding earth masses, such analysis is time consuming.  Computer-
aided procedures are available, and they provide a far more detailed 
analysis in less time. 

 
   There are also rules of thumb that can be used to make a preliminary 

assessment of the FOS to prevent failure.  One such rule is: 
 
       FOS  =   6 c                                                Eq.  3-3 

     γ H 
 

   Where:             c  = cohesion of embankment soil 
                      γ  = unit weight of soil 
                     H  = Height of slope 
 
 
   The FOS computed using Eq. 3-3 should not be used for final design.  

This simple equation can be used to preliminarily check both slope and 
foundation (base) stabilities. 

 
   For slope stability, Eq. 3-3 is based on Taylor’s (1937 and 1948) friction 

circle/limit equilibrium method of slope stability analysis, for c & φ soils.  
The analysis is based on total stresses, and assumes the cohesion is 
constant with depth (or uniform within the embankment).  The factor (6), 
in Eq. 3-3, is the stability number that corresponds to:   1) a cohesive soil 
with φ = 0;   2) a slope angle of 25° to 45° (2H:1V to 1H:1V slope);   3) a 
shallow slip circle (a toe or slope circle);   4) a large depth, to hard layer 
(2H to 4H). 
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   For base stability, Eq. 3-3 is based on Terzaghi’s bearing capacity 
equation for continuous footing on a cohesive soil (φ = 0) at the ground 
surface; i.e. no overburden pressure.  The factor (6), in this case, is 
approximately equal to the Nc value for φ = 0 (Nc = 5.7).  To be a little 
more conservative, it is advisable to use (5) instead of (6) in Eq. 3-3.  
Thus, major movements in the embankment base may be expected, 
when the embankment height  (H)  approaches a value equal to 5c/γ.  In 
this case, c and γ are the average cohesion and unit weight, respectively, 
of the subsurface soils which support the embankment. 

 
   This rule of thumb (Eq. 3-3) can be helpful very early in the design stage 

to check if stability may be a problem, and if more detailed analyses 
should  be  performed.    Eq.  3-3  is  the  basis  of  Eqs.  1-2  &  1-3.  
Eqs. 1-2 & 1-3 can be used in the field while the boring and sampling is 
being done.  These two equations can aid in redirecting the drilling, 
sampling, and testing  program,  if necessary,  while  the  drilling  crew  is 
at the site.  Therefore, Eq. 3-3 will also help ensure that adequate strata 
are explored and sampled sufficiently.  Finally, Eq. 3-3 can be used to 
check for gross errors in computer output or input. 

 
   A large amount of information has been published on slope failures.  A 

considerable amount of this information has been synthesized in chart 
form.  Abramson et al. (1994) prepared stability charts that permit the 
user to approximate the critical fill height of a slope 

 
   A number of slope stability methods of analysis have been adapted for 

use with a computer, and undoubtedly, there will be others in the future. 
The concern is whether or not the computer program represents the 
short-term and long-term conditions that exist in the field.  For those 
analyses, the problem is described by a two dimensional slice, and the 
slice is typically thin (such as 1 m or 1 ft thick).  The program should have 
the capacity to represent the actual site conditions, by inclusion of all 
forces acting on each slide.  Some methods include the side forces on 
each slide, while other methods ignore these forces. 

 
   Currently, IDOT uses a computer program that utilizes simplified Bishop 

method, simplified and generalized Janbu method, Spencer method, and 
generalized limit equilibrium method.  The program provides options for 
circular, non-circular and block surface search.  Specific circular or non-
circular surface can be selected for the rigorous generalized Janbu, or the 
generalized limit equilibrium methods. 

 
   In general, the simplified Bishop method is used at IDOT.  A comparison 

between the simplified Bishop and simplified Janbu, for 34 project files, 
showed that the Janbu FOS exceeds the Bishop FOS by an average of 
8.5 % and 4.5 % in static and pseudo-dynamic analyses, respectively.  
The earthquake acceleration in the pseudo-dynamic analysis ranged from 
0.1g to 0.3g.  This data is based on IDOT’s current policy of assuming a 
Qu of 96 kPa (1 tsf) for the embankment soil and a ∅ = 0 (total stress 
analysis).  The policy is based on IDOT’s experience with a variety of 
borrow soils used in embankments. 
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   Extensive triaxial testing was conducted on a variety of embankment soils 

compacted to 95 % standard density (AASHTO T 99) at the BMPR’s Soils 
Lab.  Test results showed that most cohesive soils achieved a minimum 
Qu of 96 kPa (1 tsf).  In some cases, a Qu greater than this value may be 
used in the analysis provided that:  1) the foundation soils and the 
embankment material are evaluated; 2) the in-situ Qu of the compacted 
embankment material is evaluated during construction;  and 3) approval 
is obtained from the SSC on a case-by-case basis. 

 
   There will be occasions when a slide will develop.  In order to resolve the 

problem of slope stability in the most favorable way, it will be necessary to 
have a detailed knowledge of the subsurface materials, conditions at the 
site, and the location of the sliding plane.  This will require borings, or 
slope inclinometer installations, or pore water pressure information within 
the involved strata.  When analyzing a slide area, the residual shear 
strength should be used for the layer(s) in which the failure surface has 
occurred. 

 
 
 3.1.3 Soil Reinforcement 
 
  3.1.3.1 General 
 
   The development of geosynthetics offers a range of new products for 

providing:  1) tensile characteristics to soils; 2) separation of different 
particle size materials; 3) filtration to allow movement of water without 
movement of soil fines; 4) a retaining system; and 5) serving more than a 
single purpose by employing the products in combination, if necessary.  
In most cases, geosynthetics (geotextiles or geogrid) are used to provide 
these benefits.  However, metal reinforcement has been extensively used 
in MSE walls. 

 
   The use of geosynthetics may expedite construction, enhance stability, 

and realize economic advantages that do not occur with soil-aggregate 
systems. 

 
  3.1.3.2 Subgrade Reinforcement 
 
   The subgrade includes a wide range of soils which meet the test 

requirements summarized in Table 6-1.  With this broad base of 
acceptability, there is a considerable range in the support capacity of 
subgrades.  It is necessary to construct the roadway such that subgrade 
capacity is not exceeded. 
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   Reinforcement is one option of improving the support capacity of 
subgrades.  Geosynthetics introduce a tensile characteristic to the 
pavement support system.  The geosynthetic distributes the load over a 
greater area of the interface between the subbase and subgrade.  
However, reinforcement has not been used to reduce the pavement 
thickness.  The concept has only been used to reduce the thickness of 
granular material needed to provide a stable construction platform.  
Research and experience have shown the granular thickness may be 
reduced by about 1/3, by placing a suitable geosynthetic at the granular-
soil interface.  The decision of whether or not to employ a geosynthetic 
should be made on the basis of economics, which may vary significantly 
between projects. 

 
   To determine the actual thickness of granular material over the 

geosynthetic, for a specific project, refer to Holtz et al. (1995), or to 
Koerner (1990).  Both references provide step-by-step methods for 
determining the granular cover on a geosynthetic.  When using a 
geosynthetic for this purpose, a minimum of 150 mm (6 in.) of granular 
cover is desirable before exposure to vehicular traffic.  To determine the 
granular thickness, without a geosynthetic, see Section 6.5. 

 
   Another advantage of geosynthetics is the separation function.  The 

geosynthetic prevents the intrusion of soil fines into the subbase voids; or 
the loss of aggregate material from the subbase, due to sinkage into the 
subgrade.  Care must be taken when selecting the type of separation.  
Moisture migration between the granular material and the underlying soil 
may be necessary. 

 
   When employing a geotextile or geogrid to carry tensile stresses, it may 

prove beneficial to use materials with a moderate to high modulus.  A 
single overload application may cause the low modulus material to fail 
with deep rutting of the granular subbase.  A high modulus material will 
preclude deep rutting of the granular subbase.  While the granular 
subbase may sustain moderate rutting, costly repairs can be avoided. 

 
  3.1.3.3 Embankments Reinforcement 
 
   Typical embankments are constructed of a considerable range of soil 

materials, and will exhibit a wide range of shear strength.  For 
embankments in excess of about 15 m (50 ft) in height with side slopes of 
2 to 1, the need for some form of berming or internal reinforcement, to 
satisfy stability requirements, should be considered.  IDOT does not allow 
embankments having side slopes steeper than 2 to 1, without berming or 
reinforcement. 

 
   Reinforcement (geotextiles or geogrids) add a tensile strength 

characteristic to the fill in an embankment.  When properly placed, this 
system can raise the FOS to an acceptable range, or even permit the 
steepening of side slopes under certain conditions.  A stability study will 
be required to determine the position, vertical spacing, and number of 
such reinforcing elements within the embankment.  This concept is limited 
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to new construction because, the soil and reinforcing system are placed 
during construction. 

 
   When reinforcement is employed, the length extending on either side of 

the failure plane(s) must be adequate.  Sufficient friction or bond is 
required to prevent pull out of the reinforcement under the tensile force.  
In all cases, a minimum FOS of 1.5 should be used for the reinforced 
slope.  For more information on the design and analysis of reinforced soil 
slopes, the reader is referred to Elias et al. (1996), Christopher et al. 
(1989, 1990a, and 1990b) and Holtz et al. (1995).  For information on the 
corrosion and degradation of soil reinforcement, refer to Elias (1996).  For 
information on computerized analysis of reinforced soils slopes, see 
FHWA (1996). 

 
   Even with reinforcement, there is a limit to slope steepening that can be 

accomplished without considering:  1) special facing, to resist  erosion;  
and   2)  berming,  to  increase  the  safety factor.   When designing for 
permanent installations, it will be necessary to know the long-term creep 
properties of the geosynthetic proposed for use.  The geosynthetic 
selected for soil strengthening should, ideally, mobilize its full working 
stress at relatively low rates of strain, and exhibit a high elastic modulus.  
This will better ensure that strain rates within the embankment will be 
minimized. 

 
 
 3.1.4 Drainage Systems and Filters 
 
  During the field investigation, drainage conditions should be described according to 

one of the following drainage classes.  These depend on the soil type, the profile 
grade line, and the depth and grade of ditch, as summarized in Table 3-1.  The 
field investigation must indicate the worst drainage conditions that exist for design 
purposes. 

 
 
  3.1.4.1 Drainage Classes 
 
   The drainage classification cannot be determined on the basis of soil test 

results alone, since good drainage can exist with clays, silty clays, or 
organic soils. The degree that detrimental properties may develop will 
depend upon drainage conditions, as indicated by the topography; and 
the entire soil profile. If the water table is high, good drainage does not 
exist in sandy soils. The elevation of the water table could significantly 
impact frost action (See Section 3.1.5).  Therefore, the drainage class 
should consider frost action.  According to Table 3-1, the four drainage 
classes are: 
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Table 3-1  Drainage Classification 
(Reproduced from Design Memorandum No. DM 95-8). 
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    a) Good Drainage: 
 
    1) The temporary or permanent water table is low enough that the 

underlying soil will not become saturated from capillarity, and 
 
    2) the topography allows surface water to be removed rapidly 

without saturating the underlying soil from above, and 
 
    3) there are no internal drainage characteristics or other conditions 

which will produce saturation or instability of the underlying soil. 
 
    b) Fair Drainage: 
 
    1) There is a possibility of a high temporary water table, but the 

permanent water table is low, and/or 
 
    2) there is a possibility of surface water not draining off rapidly, due 

to the topography, but 
 
    3) there are no internal drainage characteristics or other conditions 

which will produce saturation or instability of the underlying soil. 
 
   c) Poor Drainage: 
 
    1) The temporary water table will be high, but the permanent water 

table is low, and/or 
 
    2) surface water will not drain off rapidly, due to the topography, 

and/or 
 
    3 there is a possibility of internal drainage characteristics or other 

causes which may result in saturation or instability of the 
underlying soil. 

 
   d) Very Poor Drainage: 
 
    1) The permanent water table is high, and/or 
 
    2) the surface water will not drain off rapidly, due to the 

topography, and 
 
    3) there are internal drainage characteristics or other causes which 

will produce saturation or instability of the underlying soil. 
 
  3.1.4.2 Drainage Systems and Filters for the Pavement Structure 
 
   It has been demonstrated by field study and research, that the pavement 

system frequently becomes saturated following periods of precipitation, 
primarily by roof leakage. When the pavement system is subjected to 
repetitive loading by vehicular traffic, the pavement deflections result in 
subsequent momentary increases in pore pressures within the subgrade 
soil, the subbase, and base courses.  Historically, rigid pavements built 
directly on tight clay subgrades, and subjected to heavy traffic have 
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undergone pumping.  The pumping causes ground water and suspended 
soil fines to be ejected from under the pavement.  Early efforts to 
preclude this pumping, by building the pavement on a dense graded 
granular subbase (such as CA 6), seemed to meet with initial success, 
but eventually were damaged by pumping. 

 
   Longitudinal edge drain systems have gained popularity, but do not 

provide the complete answer.  Studies showed that pulse loading on a 
concrete slab caused high pore pressures in the underlying CA 6 
materiel.   The  pore  pressures  resulted  in  water  velocities as high as 6 
meters per second (m/s) [20 feet per second (fps)]. The same pulse 
loading on a pavement founded on submerged, coarse, open graded 
aggregate (uniform granular material such as CA 7) for concrete reduced 
the velocities to about 1.8 m/s (6 fps).  These velocities will only be valid 
for a very short distance, but at 6 m/s (20 fps) the fines in the CA 6 will be 
ejected through the pavement joints and cracks.  This would result in 
significant reduction in the pavement support, and ultimately pavement 
failure.  Ideally, the base or subbase should be graded to drain water fast.  
Thus, the velocities will not be sufficient to cause loss of fines. 

 
   Moisture movement within the pavement system must consider the 

interfaces between the pavement, base, subbase, and subgrade. Test 
track studies, at the University of Illinois, demonstrated that a pavement 
on open graded aggregate base, over a clay subgrade, was damaged by 
intrusion of soil fines into voids of the open graded aggregate base.  The 
situation was not improved by placing a geotextile between the subgrade 
and the base.  Performance was not improved even when the open 
graded aggregate base was placed on a subgrade stabilized with 
hydrated lime.  Due to the problems of constructing a pavement on an 
open graded aggregate base, consult with BMPR for current practices. 

 
   The purpose of an edge drain system is to drain water from under the 

pavement.  Edge drains are not intended to reduce the moisture content 
of the subgrade soil.  Field studies showed that the moisture content of 
subgrade soils remained at the saturation level all year round.  This 
occurred for pavements with and without edge drains, and for all types of 
sub-base materials.  If granular materials will be used under the 
pavement, they must allow water movement, without loss of particles from 
the granular layer, or of soil fines from below.  Therefore, the edge drain 
system must readily facilitate the flow of water, but not allow filter material 
to enter. 

 
  3.1.4.3 Drainage and Filter Systems to Aid in Consolidation 
 
   As discussed in Section 3.1.1, embankment construction above thick, 

high moisture content, fine grained soils may encounter problems with 
excessive settlement.  If not addressed, the settlement could continue 
many years after job completion.  Until recently, the most popular method 
for shortening the settlement time has been the use of vertical sand 
drains.  Thin prefabricated wick drains have been developed, that can be 
literally stitched into the ground.  Most commercially available products 
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require minimum construction time and  limited construction equipment 
and personnel.  Basically, they consist of a central grid or deformed 
plastic extrusion wrapped in a geotextile. 

 
 
  3.1.4.4 Drainage and Filter Systems in Backslope Applications 
 
   When the depth of a cut section for a roadway becomes sufficient to 

intercept the ground water surface, seepage tends to break out on the 
face of the backslope (cutslope).  Left unattended, such seepage can 
result in localized sloughing of the slope, and eventual instability of the 
slope face. 

 
   When the elevation of the ground water table is reasonably well 

established at the time of the soil survey, the elevation and extent of 
backslope drains can be detailed in the design plans.  There are two 
popular remedial techniques for draining backslopes:  1)  A pipe collector 
in  a  longitudinal  trench,  backfilled  with  a suitable granular filter; and  
2) the construction of a reverse filter on the face of the slope.  In the 
reverse filter drain, the finer granular material first blankets the soil slope, 
and is then covered by coarser material, with the coarsest at the surface.  
The reverse filter drain may not be entirely satisfactory unless the slopes 
are, at least, as flat as 3H to 1V.  With both of these drains, the basic 
rules for success are similar to Section 3.1.4.2. 

 
   French drains are also used to drain backslopes.  A French drain consists 

of a trench, lined with a suitable filter fabric, and backfilled with an open 
graded, coarse stone (without a collector pipe).  Care must be taken 
when considering French drains for backslopes.  The permeability of the 
stone, the cross section of the trench, and the trench gradient must be 
adequate to effectively conduct the inflow.  Failure to provide for 
adequate drainage of the seepage water will eventually make the slope 
face saturated again. 

 
   The more desirable alternative, when the ground water elevation is 

known, consists of excavating the backslope down to this elevation.  
Further excavation of the cut is performed after the construction of the 
backslope drain.  With the drain installed, the remainder of the cut may 
then be excavated without incident. 

 
  3.1.4.5 Filter Requirements 
 
   The filter system used for any of the drainage applications, mentioned in 

Sections 3.1.4.2 through 3.1.4.4, should meet the following criteria: 
 
   a) To avoid head loss in the filter:  (D 

15 filter ÷ D 15 protected layer) > 4, 
    and the permeability of the filter must be adequate for the drainage 

system. 
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   b) To avoid movement of particles from the protected layer:   
 

    (D 
15  filter ÷ D 85 protected layer) < 5, 

    (D 
50  filter ÷ D 50 protected layer) < 25, and 

    (D 
15  filter ÷ D 15 protected layer) < 20. 

 
    For a very uniform protected layer: 
 

    (Cu<1.5):  (D 
15  filter ÷ D 85 protected layer) may be increased to 6. 

 
    For a broadly graded base material (Cu>4): 
 

     (D 
15  filter ÷ D 15 protected layer) may be increased to 40. 

 
 
    NOTE:  Cu = (D 60 ÷ D 10) = coefficient of uniformity. 
 
 
   c) To avoid movement of the filter into the drain pipe perforation or 

joints: 
 

    (D85 filter ÷ slot width) > (1.2 to 1.4). 
    (D85 filter ÷ hole diameter) > (1.0 to 1.2). 
 
   d) To avoid segregation, the filter should contain no particle size larger 

than 3". 
 
   e) To avoid internal movement of fines, the filter should have no more 

than 5 % passing 0.075 mm (No. 200) sieve. 
 
   When the above criteria cannot be satisfied without using a multifilter 

media, the use of a suitable geosynthetic fabric can be included with a 
granular material.  In this application, the fabric may be used to wrap the 
pipe to satisfy the opening requirements, or to line the trench to protect 
against the movement of fines into the collector.  The criteria for 
acceptance of geotextiles, for the several possible applications, is 
discussed by Holtz et al. (1995).  This publication is recommended both 
as a reference and for a listing of the properties desirable for 
acceptability, in a given application. 

 
 
 3.1.5 Frost Susceptibility of Subgrades 
 
  A common problem involving fine grained soil and a high ground water is frost 

heave and thaw (frost boil).  Prolonged cold weather results in deep frost 
penetration.  The presence of high ground water in a silty soil results in the 
development of ice lenses.  Water moving, by capillarity, from the ground water 
surface freezes at the frost line.  As this process continues, the frost lenses 
increase in thickness with time.  They consist of pure ice, and may attain a 
considerable thickness, without inclusion of soil particles. 

 
  Frost susceptible materials in the subgrade must be located and defined as to their 

limits, and remedial measures recommended.  Current IDOT practice sets the 
following criteria to determine frost-susceptibility: 
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  a) The level of capillary rise must be within the depth of frost penetration.  This 

depends on the soil type and water table elevation. 
 
  b) The  soil  contains  at  least  65 % silt and fine sand,  according to AASHTO T 

88. 
 
  c) The P. I. is less than 12. 
 
  In general, the frost susceptibility criteria  given above corresponds to frost 

classification F4 used by the Corps of Engineers (Table 3-2).  Some estimate of the 
highest elevation of the water table, and frost potential can be found in the county 
soil surveys published by the USDA/SCS. 

 
  Reliable data on the maximum depth of frost penetration is not generally available. 

The U.S. Army Corps of Engineers indicates that the maximum depths of 
penetration under pavement systems, in Illinois, could be expected in the following 
ranges: 

 
  a) northern one-third, 1,140 to 1,500 mm (45 to 60 in.). 
 
  b) central one-third, 890 to 1,270 mm (35 to 45 in.). 
 
  c) southern one-third, 630 to 890 mm (25 to 35 in.). 
 
  It is probable, that the maximum depths would be obtained only during severe 

winters. 
 
  Detrimental frost heaving will most likely occur when there is an abrupt change in 

soil texture.  This abrupt change in texture is simple to correct by selective 
excavation and replacement, if only a few small deposits are involved.  In other 
instances, it may be possible to mix the two soils in order to provide a transition 
section.  Such textural changes occur in going from cut to fill sections, when there 
is a marked textural difference between the A and B, or B and C horizons of the 
natural soil.  These undesirable changes may be corrected by undercutting at the 
transition, and placement of uniform material over the sharp boundary. 

 
  Ice lenses are the most detrimental frost heave condition.  However, there are also 

frost heave conditions caused by surface water infiltration, and freezing.  The 
tenting at joints is caused by freezing water.  This tenting often remains after the 
water thaws, because the repeated freeze-thaw cycles break up the material on 
both sides of the joint.  There may be differential heave between different parts of 
the pavement, or between the pavements and the shoulder caused by materials 
with different moisture contents, expanding different amounts. 
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Table 3-2 Frost Susceptibility Classification of Soils 
 
 

 
 

FROST 
CLASS* 

 
DEGREE OF 

FROST 
SUSCEPTIBILITY 

 
 

TYPE OF SOIL 

PERCENTAGE 
FINER 

THAN 0.02 mm  
BY MASS (WEIGHT) 

 
**UNIFIED SOIL 

CLASSIFICATION
SYSTEM 

     
 

F1 
 

Negligible to low 
 

Gravelly soils 
 

3 to 10 
GW, GP, 
GW-GM, 
GP-GM 

     
 
 

 
 

 
Gravelly soils 

 
10 to 20 

GM 
GW-GM 
GP-GM 

 
F2 Low to Medium    
   

Sands 
 

3 to 15 
SW, SP, SM, 

SW-SM, 
SP-SM 

     
 
 

 
 

 
Gravelly soils 

Greater 
than 20 

 
GM, GC 

 
     

 
F3 

 
High 

Sands, except 
very fine  

silty sands 
 

 
Greater 
than 15 

 
SM, SC 

 

     
  Clays, PI>12 --- CL, CH 

     
     

  All silts --- ML-MH 
     
     
  Very fine  

silty sands 
Greater 
than 15 

 

SM 
 

     
F4 Very High  

Clays, PI<12 
--- CL, 

CL-ML 
     

   
Varved clays and 
other fine grained, 
banded sediments 

 

 
--- 
 

CL, ML; 
CL, ML, SM; 
CL, CH, ML: 

CL, CH, ML, SM 
 

*  After U.S. Army Corps of Engineers 
** Refer to ASTM D 2487. 
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  In spring, the pavement and subgrade thaw from the top down.  Water from 

thawing lenses cannot drain down due to the frozen ground below.  This situation 
is known as frost boil.  With non-plastic silt and fine sand soils, the water may 
cause a complete loss of support, and the failure of the pavement can then be 
rapid and dramatic. 

 
  These problems should be recognized and addressed in the Geotechnical Report.  

Common treatments (detailed in Chapter 4) may include deep drains to lower the 
ground water surface, removal of the frost susceptible soil within the frost danger 
zone and replacement with acceptable material, or raising the grade line. 

 
 
3.2 GEOTECHNICAL ANALYSES FOR STRUCTURES 
 
 3.2.1 Structure Type and Scope 
 
  The geotechnical analyses for highway structures are dependent on site 

conditions, and the type of structure being addressed.  The following are the type 
of structures generally utilized on the highway system, and the minimum scope of 
geotechnical analyses. 

 
 
  3.2.1.1 Bridges 
 
   In Illinois, highway bridges can vary from small and simple grade 

separation or stream crossing structures, to very large and complex 
structures like the bridges over the Mississippi River.  Regardless of its 
size, the geotechnical aspects of a bridge structure depend, to a large 
extent, on its topographic and geologic settings.  Several classification 
systems exist for differentiating various types of single- and multiple-span 
bridges.  The superstructure of a bridge refers to the bridge deck (or 
roadway surface) which is supported by two or more beams or girders.  
The substructure of a bridge refers to the support structures, on which 
the superstructure rests.  At the ends of the bridge are the abutments, 
and at intermediate locations are piers and/or bents.  In simple 
multiple-span bridges, the superstructure is not structurally continuous 
over the intermediate substructure units.  The superstructure is broken by 
various transverse joints.  In continuous bridges, the superstructure is 
structurally continuous over one or more piers (or bents). 

 
   In Illinois, a frequently-used type of structure is the integral abutment 

bridge, wherein the superstructure (deck and beams) is cast integrally 
with the supporting abutments.  In these structures (both single-or 
multiple-span structures), there are no joints in the bridge’s 
superstructure. 

 
   Spill-thru pile bent abutments refer to those types of abutments where 

a concrete cap sits on top of one or more rows of piles (or drilled shafts).  
The embankment or fill material (bridge cone), supporting the roadway 
approach to the bridge, spills through or in between the supporting piles 
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or shafts.  With a closed abutment, the bearing seats, supporting the 
superstructure, rest on a vertical retaining wall which is supported by a 
footing.  The footing may be a spread footing or a pile cap, supported by 
piles or drilled shafts.  Variations of these two abutment types exist.  The 
basic geotechnical analyses that should be addressed for the bridge 
substructures are the following: 

 
   a) Slope Stability - This refers to the stability of the slope at the end of 

the bridge, commonly referred to as the endslope.  The endslope can 
be a river bank, a constructed bridge cone, a cut, or a closed 
abutment.  The correct geometry should be modeled in these 
analyses.  Circular arc analysis using the Simplified Bishop analysis 
and the sliding wedge analysis, when applicable, should be 
performed.  For fill slopes the minimum FOS should be 1.5 when 
based on SPT field data, and 1.3 when using Shelby tube lab data.  
For cut slopes, the minimum FOS should be 1.7 when based on SPT 
field data, and 1.5 when using Shelby tube lab data. 

 
   b) Settlement - Settlement is a concern when a new embankment or fill 

is proposed to be placed on relatively weak and compressible soils.  
Settlement at a bridge approach can affect the behavior of the 
abutment, where down drag or negative skin friction can impose 
additional loads on the abutment piling or drilled shafts.  Significant 
bridge approach settlement creates an undesirable bump on the 
roadway.  Unless a pier is located in an embankment, IDOT 
experience has shown pier settlement to be insignificant.  The 
reason is bridge pier spread footings must rest on a foundation soil 
with a Qu of 200 kPa (2.0 tsf) or greater.  In weaker deposits, deep 
foundations for abutments or piers are utilized to preclude significant 
settlement. 

  
   c) Foundations - The scope of bridge foundation analyses should 

address the foundation needs for the piers and abutments, based on 
available soils data, and should result in the most suitable and 
economical foundations.  See Section 3.2.4. 

 
   d) Miscellaneous - Under this scope of work, the need  for cofferdams, 

seal coats, braced excavations, stage construction shoring, and 
other special conditions should be addressed. 

 
 
  3.2.1.2 Culverts 
 
   The DGE is not involved with selection or installation of pipe culverts, 

which are usually used for hydraulic openings of smaller discharges.  
However, this is not the case for box culverts, which are usually made up 
of more than one cell.  At the ends of the culvert, wingwalls are usually 
constructed to retain the earth adjacent to the culvert, preventing it from 
sliding into the stream.  Horizontal cantilevered wings are, as the name 
implies, structurally continuous with the outside walls of the culvert.  
These wings do not require any supporting foundation.  On the other 
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hand, T-Type vertical and L-type vertical cantilevered wings are, more 
or less, structurally independent of the culvert, and require separate 
foundation assessments.   

 
   Geotechnical analyses and evaluations for culverts should address the 

following: 
 
   a) Slope Stability - In this analysis, the overall slope height of the 

roadway embankment used could be from roadway grade to flow 
line, or to the toe of the side slope, depending on the angle of culvert 
skewness with respect to the roadway. 

 
   b) Settlement - Settlement can be a concern when a relatively 

significant embankment is proposed to be placed over the culvert, 
and the culvert is founded on weak and compressible soils.  The 
settlements both below and adjacent to the culvert should be 
calculated, based on consolidation tests.  Settlement problems may 
be resolved through the use of articulated joints in the culvert.  For 
details, see the IDOT Culvert Manual. 

 
   c) Foundations - The foundation needs of the culvert wingwalls should 

be addressed.  Sometimes foundation deficiencies can be addressed 
through modifications of the wingwalls, or changing the type of 
wingwalls.  If cofferdams are needed to construct wingwall footings, 
consider the use of cantilevered sheet pile wall, with or without 
concrete facia. 

  
   d) Remedial Treatments - Discuss remedial treatments to address 

slope stability, settlement, and construction problems, if any. 
 
  3.2.1.3 Traffic Signal and Lighting Structures 
 
   Most traffic signal and lighting structures require single foundation 

elements.  The usual foundations of choice are reinforced concrete drilled 
shafts, ranging from 610 mm (24 in.) to 1220 mm (48 in.) in diameter.  In 
very special circumstances; such as in soft soils, loose sands below the 
water table, and shallow rock; pile foundations, or spread footings are 
used.  The foundations should be analyzed and designed to resist 
horizontal loads, moments, and torques. 

 
  3.2.1.4 Retaining Walls 
 
   The scope of geotechnical analyses that are required for retaining walls 

will vary with the type of retaining system.  Global stability, overturning 
and sliding,  bearing capacity, and horizontal earth pressures are some of 
the basic analyses to be conducted.  These and other analyses play a 
major role in the technical feasibility, and economic evaluation studies of 
retaining walls. Refer to Appendix III-2.  The BBS office should be 
contacted for updated information on design policies or memoranda. 
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 3.2.2 Settlement 
 
  The discussions herein are limited to settlements caused by the compressibility of 

existing natural soils.  Settlement within the new embankment will be minimal, if it 
is constructed according to  the proper compaction requirements, as given in the 
Standard Specifications.  For a general discussion on settlement, see Section 
3.1.1.  The effects of the settlement on a structure may be tolerable or detrimental; 
depending on the magnitude of settlement, foundation type, and foundation 
geometry. 

 
  Mine subsidence is another form of settlement which can be devastating to 

structures.  This type of settlement is most difficult to assess.  However, the 
geotechnical engineer should know if the project site has been mined, if 
subsidence problems have already occurred in the mined area, or if subsidence is 
anticipated.  The use of all simple spans with cable ties over the piers might reduce 
subsidence damage. 

 
 
  3.2.2.1 Preliminary Assessment 
 
   The geotechnical engineer should have enough experience to recognize 

and determine, from the available SPT boring data and other site 
conditions, if significant settlement may occur.  For soft, normally  loaded  
clay  deposits,  the  method  given in Section 3.1.1 (Eqs. 3-1 and 3-2) 
may be used to obtain a preliminary estimate of settlement, and to 
determine if further investigation is warranted. 

 
 
  3.2.2.2 Consolidation Tests and Settlement Analysis 
 
   If the preliminary estimate of settlement is significant enough to negatively 

impact the behavior of the structure, a more accurate settlement analysis 
is required.  Data should be obtained from consolidation tests on 
representative Shelby tube samples.  See Section 2.2.12 for a detailed 
discussion of the consolidation test. The settlement analysis, based on 
the test, is explained in Appendix IV. 

 
 
  3.2.2.3 Remedial Treatment and Analysis 
 
   Remedial treatment of excessive settlements is warranted when the 

amount and time of settlement will adversely affect the behavior of the 
structure.  For example, a large, and rapidly occurring settlement under a 
new bridge cone will not have any effect on the structure, if most of the 
settlement occurs prior to the abutment foundation construction.  
Conversely, a similar settlement case under a culvert would be damaging, 
because the culvert has to be in-place before the embankment is 
constructed.  Therefore, the latter case would require corrective 
measures. 

 
   Realizing that some settlement takes place during construction, usually a 

maximum total settlement of 75 mm (3 in.), at a bridge cone or under a 
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culvert is considered acceptable.  However, negative skin friction on pile 
foundations, due to the settlement, should be considered in the design. 

 
   Some of the corrective measures that IDOT has used to mitigate 

settlement problems are mentioned in Section 4.2.2. 
 
 
 3.2.3 Slope Stability 
 
  3.2.3.1 Preliminary Assessment 
 
   Experience can be very helpful in recognizing whether a stability problem 

exists at a bridge cone, an embankment over a culvert, or a retaining wall.  
The rule of thumb (Eq. 3-3) discussed in Section 3.1.2.3 can be used to 
preliminarily assess the FOS for these cases. 

 
   More detailed stability analyses, such as those mentioned in Section 

3.1.2.3, should be based on either the SPT or the Shelby tube data.  No 
stability analysis is to be made on the basis of the pp data. 

 
 
  3.2.3.2 Analysis Based on SPT Data 
 
   Unless the presence of weak, soft soil layers are recognized during the 

initial drilling, the SPT data would be used to perform slope stability 
analyses.  This data will include either shear strength derived from field 
Qu tests, using the Rimac tester, performed on cohesive soil samples 
extracted from the SPT sampler; or N values, for cohesionless soils. 

 
   If upon analysis, using SPT data, the minimum FOS obtained is 1.5 or 

greater in fill areas, or 1.7 in cut slopes, the stability of the slope is 
considered satisfactory.  If on the other hand, the minimum FOS is below 
1.5 in fill areas, or 1.7 in cut slopes, the stability of the slope should be 
further investigated using Shelby tube boring data. 

 
 
  3.2.3.3 Analysis Based on Shelby Tube Data 
 
   As previously mentioned, Shelby tube borings and laboratory test data 

should be obtained to further investigate fill slopes that have a FOS < 1.5 
when using SPT data, or cut slopes with FOS < 1.7.  The Shelby tube 
data report should contain, besides soils classification, the lab Qu values, 
and the triaxial shear strength data.  To be acceptable, stability analysis 
based on Shelby tube data should yield a minimum FOS of 1.3 for 
embankments, and 1.5 for backslopes (in cut areas).  If the FOS falls 
below 1.3, remedial measures should be used to bring the FOS of the 
slope to 1.3 or greater for embankments; and 1.7 or greater for cut 
slopes. 
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 3.2.4 Foundation Analysis 
 
  IDOT uses three types of foundations for highway structures:  spread footings, 

piles, and drilled shafts. 
 
 
  3.2.4.1 Spread Footings 
 
   a) Applications - Spread footings can be used for grade separation 

structures, piers, closed abutments, retaining walls, culvert wing 
walls; and under special situations, traffic signals, and lighting 
structures.  In favorable conditions, they can be used for pier support 
in river crossings.  Favorable conditions in river crossings should 
have little or no scour, and high competency of the material.  Rock 
and hard till strata may be considered favorable for spread footings, 
in stream channels. 

 
   b) Determining Allowable Bearing Pressure - The allowable bearing 

pressure(s) should be determined according to AASHTO 
specifications, except the FOS for bridge foundations should be 3.0. 

 
   c) Limitations - To minimize settlement, spread footings for bridge 

foundations are restricted to soils yielding allowable bearing 
pressures of 200 kPa (2.0 tsf) or greater.  Lower allowable bearing 
pressures are acceptable for retaining walls and culvert wing walls.  
The maximum depth at which spread footings are considered 
economical, as compared to pile foundations, is 3 m (10 ft) below the 
normal depth of a footing. 

 
 
  3.2.4.2 Pile Foundations 
 
   a) Pile Types - The most common types of piles that are used on Illinois 

highway structures are:  305 mm (12 in.) and 356 mm  (14 in.)  
diameter metal shell piles,  filled with concrete;  356 mm (14 in.) 
diameter precast and precast prestressed concrete piles; and steel 
H-piles.  The 305 mm (12 in.) diameter concrete filled metal shell pile 
is referred to simply as “concrete pile” in the Standard Specifications. 
Appendix III-3 and Appendix III-4 show different types of piles, both 
in SI and English units.  This information is reproduced from the BBS’ 
Bridge Manual.  A brief discussion of the types of piles most common 
to IDOT’s projects follows: 
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    1) Timber Piles - Timber piles are best suited for use in friction pile 
situations, in unconsolidated material.  Their use should be 
discouraged in situations involving hard driving, to avoid 
brooming of the tip or excessive crushing of the top.  In the 
interest of durability, piles that will not be permanently 
submerged below the ground water level should be pressure 
treated with a preservative. 

 
    2) Steel H-Piles - Steel H-piles consist of rolled wide-flange steel 

beams, manufactured in a wide range of sizes,  with  nominal 
beam depths  ranging  from  200 mm  (8 in.) to 360 mm (14 in.).  
Steel H-piles are most frequently used as point bearing piles, or 
in cases of anticipated heavy driving.  On occasion, driving 
points are attached to the pile tip for point protection, or to aid in 
establishing the tip in a firm stratum.  H-piles are considered 
small displacement, or nondisplacement, piles since the cross-
section area is not very large.  However, a plug tends to form 
between flanges at some depth.  Therefore, the bottom segment 
of the pile may remold or displace the soil. 

 
    3) Metal Shell Piles - Metal shell piles usually consist of seamless, 

welded or spirally welded steel piles (available in a wide range 
of sizes) though IDOT’s practice has, commonly, limited their 
use to the 300 mm (12 in.) and 360 mm (14 in.) diameters.  
Although the piles may be driven open or closed end, IDOT has 
limited their use to the closed end type.  Seldom used types 
include longitudinally fluted tapered shells, or thin shelled types 
requiring the use of a mandrel. The mandrel driven types may 
be either cylindrical or step tapered. All shell piles are concrete 
filled after driving.  

 
    4) Precast Concrete Piles - The two types of precast concrete piles 

are conventionally reinforced and prestressed.  Both types are 
of constant cross section, though they may have tapered tips.  
Conventionally, reinforced concrete piles (concrete with 
reinforcing steel bars and spiral reinforcing steel cages) are 
susceptible to damage by mishandling or overdriving. 

 
     The prestressed piles are similar in configuration to the 

conventionally reinforced concrete piles; except the longitudinal 
reinforcing bars are replaced by wire strands, in tension. 

 
     Precast piles are difficult to splice, and this is especially true of 

the prestressed type. Article 512.08 of the Standard 
Specifications deals with special handling and storage 
requirements for these piles. 
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   b) Design Capacities - The maximum design loads  for steel H-piles are 
based on 62 MPa (9 ksi), multiplied by the pile cross sectional area. 
This is according to AASHTO specifications.  According to Section 
3.8 of the Bridge Manual, the maximum pile capacities shall be as 
follows: 

 
    Timber Piles (untreated or Creosoted) 
     305 mm (12 in.) butt diameter 200kN (24 tons) 
 
    Concrete Piles (Equal Alternates) 
     356 mm (14 in.) Precast Concrete 
     356 mm (14 in.) Precast Prestressed Concrete 
     305 mm (12 in.) Metal Shell 400 kN (45 tons) 
 
    Concrete Piles 
     356 mm (14 in.) Metal Shell 500 kN (55 tons) 
     406 mm (16 in.) Precast Concrete 500 kN (55 tons) 
 
    Steel Point Bearing Piles 60 MPa (9000 psi) 
 
    All piles under a foundation unit must be driven to the same capacity.  

The required design capacity per pile shall be shown on the plans.  
The maximum pile capacities stated above must be provided if 
required by design calculations.  Figure 3.8.1-1 of the Bridge Manual 
details a method of computing pile loads on closed abutment walls 
and retaining walls. 

 
    Piling must be embedded in footings 300 mm (12 in.).  Footing 

reinforcement shall be placed 75 mm (3 in.) clear of the bottom of the 
footing, and arranged in such a manner that the pile head can project 
300 mm (12 in.) into the footing. 

 
    The minimum pile spacing is 1 m (3 ft) and the maximum pile spacing  

is limited to 3.5 times the effective footing thickness plus 300 mm (1 
ft) but not to exceed 2.5 m (8 ft).  Pile spacing in excess of 2.5 m (8 
ft) is permitted in pile bents (see Bridge Manual Figure 3.7.8-1) 
provided all design requirements are met. 

  
   c) Applications - Pile foundations are used when spread footings are 

judged to be unsatisfactory for the application. 
 
    Concrete piles (including concrete filled metal shells) are used as 

displacement piles, provided they can be driven without damage.  
Steel H-piles are mainly used as point bearing piles.  However, steel 
H-piles are used as friction piles in difficult soil deposits, when 
displacement concrete piles can be damaged by driving. 

 
   d) Pile Length Estimation - The BBS uses empirical charts to estimate 

pile lengths.  These charts are attached to “Bridge Manual 
Memorandum #91.6 to All Bridge Designers,” and are presented in 
this section.   Figure 3.1  shows  the allowable side resistance in 
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granular material, as a function of the N value.   Figure 3.2  shows 
the allowable side resistance in cohesive material, as a function of 
the Qu value.   Figure 3.3  shows the point capacity in cohesive 
materials, as a function of the Qu value. 

 
    Other acceptable methods to estimate pile lengths are the Nordlund 

Method for granular material, and the Alpha Method for cohesive 
soils.  The Geotechnical Report should state the method(s) used.  
Regardless of the method, a minimum bearing capacity FOS of 3 is 
required. 

 
   e) Piles Subject to Lateral Loads - When necessary for design, laterally 

loaded piles should be analyzed for maximum moments and lateral 
deflections.  The L-pile or Com 624 Computer programs may be 
used for such analyses.  Also, the Broms Method and the Davisson 
and Robinson Depth to Fixity Method are commonly used. 

 
   f) Special Treatments - Pile foundation design may require other 

considerations, such as: 
 
    1) If computed scour is significant, then the allowable design load 

of a friction pile should take into account the loss in pile capacity 
due to scour. 

 
    2) If significant settlement is expected after pile driving, the 

allowable pile design load should take into account the negative 
skin friction load. 

 
    3) In order to minimize the effects of negative skin friction on 

abutment piles, the Standard Specifications or general notes on 
the plans call for precoring through new embankments prior to 
pile driving. 

 
 
  3.2.4.3 Drilled Shafts 

 
   a) Applications - Although drilled shafts have been used quite 

extensively for bridge structures in the Chicago area, their use was 
almost negligible in the rest of the State until the last few years. 

 
    Drilled shaft applications are, normally, limited to soil profiles where 

rock formations are relatively shallow, and the drilled shafts can be 
founded in rock sockets.  Drilled shafts are applicable when piles 
would result in insufficient embedment, and when the economics 
would  preclude the use of  a spread  footing on rock.    Drilled shafts 
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Figure 3.1  Allowable Side Resistance as a function of N Value for Granular Soils and Hard Tills 
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    can be advantageous for foundations in stream channel locations, to 
avoid the expensive construction of cofferdams.  In such cases, the 
drilled shafts are developed above the ground line to become part of 
the substructure columns. 

 
   b) Vertical and Lateral Load Analyses - Drilled shafts should be 

analyzed for vertical, as well as for lateral loads.  Although there are 
many textbook references for the design analyses of drilled shafts, 
IDOT follows the procedures given in FHWA’s Publication No. 
FHWA-H1-88-042, August 1988 Manual, until AASHTO 
Specifications introduce a section on drilled shafts.  The BBS prefers 
to follow AASHTO procedures.  However, there are possible errors 
and ambiguities in interpretation of the present 1994 specifications.  
The designer can check with the Foundations Unit in BBS for current 
specifications. 

 
   c) Special Provisions - BBS has developed a set of special provisions 

to govern the construction of drilled shafts.  Check with the BBS’ 
Foundation Unit for current special provisions. 

 
 
  3.2.4.4 Retaining Walls 
 
   a) Types of Retaining Walls - IDOT uses a variety of retaining walls on 

its highway facilities, such as: 
 
    1) Cast-in-place reinforced concrete T-type walls. 
 
    2) MSE walls. 
 
    3) Modular precast concrete gravity type walls. 
 
    4) Cantilever sheet pile walls, with or without concrete facia. 
 
    5) Tied back sheet pile walls, with or without concrete facia. 
 
    6) Cantilever soldier pile and lagging walls, with or without concrete 

facia. 
 
    7) Tied back soldier pile and lagging walls, with or without concrete 

facia. 
 
    8) Tangent pile walls. 
 
    9) Soil nailed walls, with concrete facia. 
 
   b) Retaining Wall Type Selection - The selection of the appropriate 

retaining wall should be based on feasibility and economy.  The 
feasibility study should address which wall is most suited, and 
simplest to construct.  The study should address the approximate 
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scope of the design for the most feasible walls, and provide cost 
comparisons between the alternatives. 

 
   c) Design Loads - The design loads to consider for a retaining wall are: 
 
    1) Lateral earth pressure. 
 
    2) Lateral loads, due to live load impact on parapets, if applicable. 
 
    3) Lateral loads, due to wind load on noise barriers, if applicable. 
 
    4) 600 mm (24 in.) equivalent soil surcharge, due to liveload, 
     if applicable. 
 
    5) Railroad loading, if applicable. 
 
    6) Hydrostatic pressure, if applicable. 
 
    Lateral earth pressures should be computed according to AASHTO 

Specifications. 
 
   d) Design Analysis - The design analysis for the various types of 

retaining walls must be according to AASHTO Specifications.  
However, the FOS against bearing capacity failure for T-type walls 
should be 3, using the Rankine theory (assuming a smooth vertical 
wall with no friction). 

 
   e) Special Provisions - Special provisions have been developed by BBS 

for MSE walls, anchored walls, modular precast concrete gravity type 
walls, and soil nailed walls.  Check with the BBS’ Foundations Unit 
for the current special provisions. 

 
 
 3.2.5 Drainage and Drainage Systems 
 
  Water plays a major adverse role in how foundation soils and backfills behave.  

When possible, water should be removed from the foundation.  The most effective 
method is to provide an appropriate drainage system for the structure in question.  
Drainage systems are most often installed behind soldier pile walls, bridge 
abutments, and behind retaining walls.  Typical drainage systems behind these 
structures are presented, both in English and SI units, in Appendix III-5 

 
 3.2.6 Scour Evaluations and Remedial Treatments 
 
  Theoretical scour magnitude evaluations are performed for hydraulic studies, 

without reference to the deposits in the stream.  Therefore, it is necessary for the 
geotechnical engineer to determine if scour is realistic for the stream deposits, 
within the service life of the structure.  For silt, sand, and gravel deposits, 
calculated scour depths can be considered realistic.  Although scour might go the 
same depth in different deposits, the time could vary significantly.  The effects of 
scour should be taken into consideration in slope stability analysis, and foundation 
design.  For current practice and guidelines on scour evaluation, the BBS’ 
Hydraulics Unit should be contacted. 
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 3.2.7 Seismic Evaluation 
 
  3.2.7.1 Applications 
 
   According to the AASHTO Seismic Acceleration Coefficient map of the 

Continental US, approximately the southern third of the State is the most 
seismically active area.  This affects Districts 7, 8 and 9.  The bedrock 
acceleration map for the State is shown in Figure 3.4.  This chart should 
be used to find the value of design bedrock acceleration, at a given site.  
AASHTO Specifications should be followed for seismic evaluations of a 
structure. 

 
  3.2.7.2 Seismic Loadings 
 
   Seismic loadings depend on the bedrock acceleration at the site, modified 

by a site coefficient factor.  The site coefficient factors listed in AASHTO 
are meant for structural analyses only.  Site coefficient factors for 
geotechnical work, like slope stability and liquefaction, and earth 
pressures can be determined through analysis.  One such analysis 
consists of performing a response spectral analysis, using a computer 
software program called “SHAKE”.  This analysis is required only for 
large projects, or when it is stated in the consulting agreements.  For 
other structures, use a site coefficient of 1.0 for geotechnical analyses. 

 
   A minimum seismic FOS of 1.0 is acceptable for slope stability, sliding 

and overturning of a retaining wall, and for liquefaction.  For bearing 
capacity, a minimum FOS of 1.5 is acceptable. 

 
  3.2.7.3 Seismic Liquefaction 
 
   Seismic liquefaction of soils is a phenomenon that occurs during a 

seismic event.  The pore water pressure in a soil rises so rapidly,  due to 
seismic excitation, that it significantly reduces the soil shear strength.  
Clean gravel and sand deposits, under the water table, are the most 
prone soils to undergo this phenomenon.  However, a Chinese 
earthquake had silty deposits which experienced liquefaction. 

 
   The effects of seismic liquefaction under a structure can be very 

significant.  It can produce loss of stability at a bridge endslope, 
settlement of bridge approaches, and loss of bearing capacity in piles or 
under spread footings. 
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Figure 3.4  Horizontal Bedrock acceleration map for the State of Illinois 
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   Liquefaction does not mean the soil deposit loses its entire shear 

strength.  Recent studies showed that under the worst conditions (clean 
sand below the water table) the residual shear strength, upon 
liquefaction, can be 30 to 40 % of its original value. 

 
   Since seismic liquefaction produces settlement of the material above the 

liquefiable zone (such as at bridge cones), pile negative skin friction loads 
must be considered.  The BBS policy is to treat seismic negative skin 
friction in a less conservative manner than treating the more certain 
negative skin friction, resulting from the static settlement of soft soils 
under an embankment.  The policy on how to design for such loadings is 
being developed by BBS. 

 
  3.2.7.4 Seismic Slope Stability Deformations 
 
   If the seismic slope stability FOS falls below 1.0, the geotechnical 

engineer can estimate the vertical deformation or settlement at the back 
of the slope by using the Newmark procedure.  This procedure is not valid 
if liquefaction is also identified under the slope.  IDOT considers a 
maximum settlement of 150 mm (6 in.) at a bridge approach, resulting 
from the design earthquake event, to be acceptable without instituting 
corrective measures in the design. 

 
  3.2.7.5 Remedial Treatments 
 
   Remedial treatments to mitigate seismic design deficiencies, in soils, 

should be considered where possible.  The appropriateness of such 
treatments will depend on their cost.  Whenever such problems arise, 
they should be brought to the attention of BBS for resolution. 
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CHAPTER 4 
 

DESIGN RECOMMENDATIONS 
 
 
 
4.0 INTRODUCTION 
 
 Design recommendations are the essence of any Geotechnical Report.  They reflect the 

conclusions of field and laboratory investigations, as well as any office work.  With the 
advanced computational methods in geotechnical engineering, it has been possible for 
engineers to conduct the most difficult analyses in a relatively short time.  However, the 
variability in soil properties along roadway alignments could easily make those analyses 
misleading rather than helpful.  Therefore, it is very important to base the design 
recommendations on a combination of solid engineering judgment, the hard data that truly 
reflects the field and soil conditions, and the geotechnical analyses acceptable to IDOT. 

 
 The design recommendations must include the description of any special treatment 

necessary to develop stability in the embankment, cut slopes, and subgrade; and should 
warn of possible construction difficulties.  Clear, complete, and specific design 
recommendations must be provided to the designer, who may have little geotechnical 
knowledge.  This ensures the plans and special provisions incorporate the design details 
and material quantities, needed for proper construction of the project.  Vague 
recommendations are of no use to the designer; neither are alternate recommendations, 
without cost/benefit studies that allow the designer to select the most cost effective 
alternate. 

 
 The design recommendations must be compatible with the Standard Specifications, the 

Supplemental Specifications and Recurring Special Provisions, and the various District 
special provisions.  Standard procedures and materials are preferable, unless special 
needs justify special construction techniques, or materials.  The design recommendations 
should include a recommended special provision for all job specific construction 
techniques, or materials.  Construction and material inspection, testing, and acceptance 
(according to IDOT practice and testing capability) must be addressed in the special 
provision. 

 
4.1 SUBGRADE 
 
 The Geotechnical Report must describe any treatments necessary to provide a stable 

platform upon which to construct the pavement structure, and which will provide a 
satisfactory support for the pavement structure throughout its design life. The geotechnical 
engineer must establish that the subgrade soils are capable of performing adequately for 
the design period and anticipated traffic loading.  Otherwise, remedial treatments  should  
be  recommended  to assure  proper performance.   Where high water 

 tables and problem soils will exist at or close to the ground surface, resulting in weak or 
pumpy soils,   it  is  desirable,   where  possible,   to  raise  the grade sufficiently to provide 
600 to 900 mm (24 or 36 in.) of suitable material between the problem soil and the 
subbase.  Removal and replacement, as well as stabilization are other possible alternate 
treatments, but raising the grade offers the better opportunity to provide an improved 
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drainage condition.  Unfortunately, project cost or geometric constraints often do not allow 
raising the grade.  The high water table can also be lowered with gravity drains, as an 
alternative to raising the grade. 

 
 
 4.1.1 Pavement Design Using the SSR and the IBR 
 
  The performance of a pavement is related to the physical properties of the paving 

materials and of the roadbed soils.  The effect of subgrade soil can be reduced by 
increasing the thickness of the pavement structure.  IDOT uses the MPD 
procedure, based on stresses, strains, and deflections, to determine the pavement 
structure for jointed Portland cement concrete (PPC) pavement, and full depth 
asphalt concrete (AC) pavement.  The SSR is used to characterize the subgrade 
soil for the MPD procedure.  Pavement design based on the AASHTO Road Test 
Project, and subsequent studies using the IBR to characterize subgrade soil 
support, are used to determine pavement structure for continuously reinforced 
concrete (CRC) pavements, composite pavements, and existing pavement 
resurfacing.  Both the SSR and the IBR should be provided for each project, unless 
the designer has informed the geotechnical engineer that one or the other is not 
needed.   

 
  For the MPD, there are three SSR ratings used in the procedure; namely, "poor", 

"fair", and "granular".  The ratings are based on particle size analysis of 
representative soil samples within the design section.  All data should be plotted on 
the SSR chart, shown on Figure 5.5, and presented in the Geotechnical Report.  
The geotechnical engineer must recommend the SSR rating to the designer, based 
on the average/majority of data points on Figure 5.5.  The SSR ratings on Figure 
5.5 are based on a high water table, and appropriate frost penetration in the 
subgrade soil.  The design SSR should be based on the original subgrade soil, and 
should not be changed to reflect the proposed subgrade improvement. 

 
  The SSR and the IBR should be determined from laboratory tests on subgrade 

samples for most projects.  However, where small projects do not warrant testing, 
both the SSR and the IBR may be estimated from soil properties given for mapped 
areas in the USDA/SCS County Soil Reports.  The SSR and the IBR can be 
determined from testing the borrow material, if it is known for new embankments, 
or by selecting a conservative value based on typical soils in the project area. 

 
  The recommended IBR should represent the "worst" soil type, in the proposed 

pavement length.  The geotechnical engineer and designer may investigate the 
feasibility of changing the pavement structure, in response to changes in either the 
SSR or the IBR along the proposed improvement.  Medium size projects only 
require one or two IBR tests, once classification tests identify the least favorable 
soil types in the project area.  In the absence of lab data, the approximate IBR 
value for a soil may be estimated  from Table 4-1, which is Table 7-105.03b of the 
Design Manual reproduced herein. 
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Table 4-1  Estimated IBR Values 
 
 

 Soil Classification Assumed IBR 
 
 A1 20 
 A-2-4, A-2-5 15 
 A-2-6, A-2-7 12 
 A-3 10 
 A-4, A-5, A-6   3 
 A-7-5, A-7-6   2 
 
 
 
  When MPD procedure is not used, IBR tests should be performed for pavement 

design.  The California Bearing Ratio (CBR) tests are not performed at IDOT, but 
the  CBR  values  are considered equivalent to the IBR values.   (See Section 2.2.7 
for differences between CBR and IBR test procedures.) 

 
 
 4.1.2 Treatment Of Subgrade 
 
  The stresses and loads applied to the subgrade during construction are almost 

always higher than the loads reaching the subgrade from traffic on the completed 
pavement.  Nevertheless, the subgrade must maintain its stability, or the life of the 
pavement will be reduced.  In addition, the subgrade must not permit excessive 
settlement. 

 
  Pavements designed according to the MPD are required, by the policy, to have a 

minimum improved subgrade layer 300 mm (12 in.) thick beneath the pavement, to 
ensure a stable working platform.  However, the policy requires that granular 
subgrades be evaluated to determine if treatment is necessary.  Also, for cohesive 
subgrade soils with IBV of 8 % or greater, the DGE may request for a waiver of the 
MPD improved subgrade requirement.  Such waiver requires approval of the BD&E 
and the SSC. 

 
  An improved subgrade layer often consists of lime modified soil, addition of 

aggregate, or removal and replacement with aggregate.  BMPR is currently 
evaluating the use of Class C fly ash, and a coarse by-product from the 
manufacture of hydrated lime.  The improved subgrade provides increased 
resistance to moisture related problems, reduced rutting, a smooth paving surface, 
and efficient construction.  Subgrade treatment, in addition to the 300 mm (12 in.) 
improved subgrade, may also be performed, depending on the subsurface soil 
condition. 

 
  In some situations, such as rock cuts and granular soils, the working platform may 

not  be needed.   However,  in other situations when the  IBV is  4 % or less,  a 300 
mm (12 in.) improved subgrade layer will not provide an adequate working 
platform.  Deviation from the 300 mm (12 in.) working platform should be 
documented and presented in the Geotechnical Report. Roadbed soil problems; 
such as, permanent deformation, excessive volume changes, excessive deflection 
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and rebound, frost susceptibility, and the effect of nonuniform support should be 
recognized and reported in the Geotechnical Report. 

 
  Pavements designed using the IBR are not required to have a 300 mm (12 in.) 

improved subgrade.  The geotechnical engineer should determine the actual 
thickness of treatment, if needed during construction, using the procedure given in 
Section 6.5. 

 
  Design recommendations should consider both unsuitable and unstable soils.  

Unsuitable soils consist of soils with undesirable properties that should be removed 
from under a pavement, even if they are stable at the time of construction.  
Unsuitable soils consist of any of the following:  1) highly organic soils,  2) frost 
susceptible soils, and/or  3) high shrink/swell potential soils.  Unstable soils may 
not be unsuitable, but have a high moisture content and low strength. 

 
  The geotechnical engineer must present specific subgrade treatment 

recommendations to the designer.  The recommendations must give the estimated 
length (usually station to station), recommended width, estimated depth, and 
recommended type of treatment.  The estimated depth is usually referenced to 
proposed subgrade level (bottom of proposed pavement), but can be referenced to 
existing ground surface, or any other point that is clearly defined for the designer.  
The type of treatment options are removal and replacement, lime modification, 
underdrain installation, or other means.  The recommendations must allow the 
designer to calculate  contract quantities.  Generalized recommendations, such as 
providing treatment for a percentage of the project length, are not acceptable.  The 
geotechnical engineer must explain and justify the recommendations.  Subgrade 
recommendations are based on borings typically 100 m (300 ft) apart, obtained 
during weather conditions that may be significantly different from those 
encountered during construction.  Therefore, the geotechnical engineer must use 
considerable judgment  to interpret and analyze the field data, in preparation of the 
design recommendations.  It is usually best, to recommend and design subgrade 
treatment based on a proper evaluation of field boring data, field site 
reconnaissance, and experience with other similar projects. 

 
 
  4.1.2.1 Suitability Of Topsoil 
 
   Since Illinois has many areas with little topographic relief, ground 

skimming grades are quite common and topsoils are encountered.  In 
many projects, the topsoil is undercut and set aside for later use in slope 
dressing of embankments and/or cut slopes.  The Standard Specifications 
describe treatment of vegetative cover and the root zone.  When the 
topsoil zone extends well below the shallow root zone, it presents a 
question regarding its suitability as a material for subgrade, or inclusion in 
an embankment.  Current IDOT practice bases acceptability, for  the  top 
600 mm (24 in) soil, on the criteria listed in Table 6-1.  These criteria 
apply to all borrow materials, including top soil. 

 
   Topsoil need not always be removed full depth.  Unsuitable topsoil, in the 

subgrade  zone  below  pavements,  should be removed from 300 mm 
(12 in.) to 900 mm (36 in.) below the bottom of the proposed pavement.  



January 1999 

4-5 

The actual depth of topsoil removal depends on the type of roadway and 
its traffic.  Removal of 300 mm (12 in.) would be sufficient beneath 
secondary roads, with low traffic counts, and little truck traffic.  Removal 
of  600 mm  (24 in.)  is required for most State highways.  Removal of 900 
mm (36 in.) is seldom justified, except where there is a great amount of 
heavy truck traffic, and high compressibility problems.  The latter should 
be verified by consolidation tests, not on estimates using assumed soil 
parameters. 

 
 
  4.1.2.2 Detrimental Frost Action 
 
   As mentioned in Section 3.1.5, most fine grained materials with PI less 

than 12 % are considered susceptible to frost heaving. When pockets of 
highly susceptible materials (such as, silts and very fine silty sands) are 
encountered, in the presence of a high water table, these soils may be 
excavated to a depth that varies, depending on the frost depth anticipated 
in the project location. The excavated material should be replaced by 
clayey soils, or other non-frost susceptible materials, preferably from the 
surrounding area. 

 
   If all materials in the area are highly frost-susceptible, or there is no 

readily available source of material of low frost-susceptibility, the problem 
can be solved by raising the grade line above the surrounding area, or 
using an effective underdrain system that lowers the water table and 
eliminates capillary rise. 

 
   Recently, different thermal insulation techniques have been introduced by 

researchers and manufacturers, but have not been implemented by IDOT 
due to lack of sufficient data.  These include:  1) the use of a thin layer of 
shredded tires,  2) expanded or extruded polystyrene (EPS), and  3) light 
weight bituminized aggregate.  The purpose of any of these materials is 
to provide enough insulation for reducing frost penetration, and 
preventing heat transfer from subgrade to the pavement.  The use of an 
insulating course above the subgrade may be considered, but is not 
generally recommended.  A drainage layer above the water table may be 
used, to prevent capillary rise into the frost susceptible soils. 

 
   It should be emphasized that detrimental frost heaving is accelerated 

when there is a ready available supply of water.  Thus, even many 
granular materials are susceptible to detrimental frost heaving, when 
proper drainage is not maintained.  This is particularly apt to be the case 
in cut sections and care should be taken to eliminate seepage water in 
the roadway area.  This is accomplished with ditches or underdrainage 
systems. 

 
   Another common situation in which detrimental frost heave occurs is 

when the roadway crosses a culvert.  If the depth of overburden on top of 
the culvert is relatively shallow, freezing may take place from the surface 
of the roadway.  Freezing can take place underneath the roadway from 
the top of the culvert section.  Thus, a greater depth of soil is subjected to 
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freezing over the culvert, than in the adjacent areas.  This may be a major 
cause of the pavement deterioration that frequently is noted over culverts, 
although improper compaction above and around the culvert section may 
also be partially responsible.  It is probably impossible to completely 
prevent the deterioration which takes place at culvert crossings, although 
to a large extent it may be reduced, or perhaps eliminated, by placing 
adequate cover over the culvert.  A minimum depth of soil, plus pavement 
should be approximately 1 m (3 ft).  A thicker depth of cover would 
certainly be desirable in the northern part of the State, in order to 
ameliorate this unsatisfactory type of behavior. 

 
   When considering and designing for detrimental frost action, the condition 

of existing pavements in the project area must be examined and 
evaluated.  The frost susceptibility criteria, mentioned in Section 3.1.5, 
may not always apply to all field and soil conditions.  Without careful 
evaluation of these conditions, the amount of earthwork and cost 
necessary to prevent detrimental frost action could be very high.  If there 
are existing pavements in the project area with similar soil and drainage 
characteristics, they should be examined for signs of detrimental frost 
action. 

 
   Longitudinal cracks (other than at longitudinal joints), angled cracks, and 

curved cracks may indicate frost heave.  Tenting of the joints could be a 
surface problem, and does not necessarily indicate detrimental frost 
heave.  If existing pavements do not exhibit frost heave problems, and no 
special treatment was provided to their subgrade soils; expensive 
treatment may not be justified for the proposed pavement. 

 
   Detrimental frost action, due to surface water infiltration should be 

minimized or prevented by:  1) proper surface grading;  2) pavement and 
shoulder crack sealing; and  3) good drainage of any water in the 
subbase material, or under the pavement and stabilized shoulder. 

 
 
  4.1.2.3 Other Unsuitable Soils 
 
   Cohesive soils with high clay content and high plasticity may exhibit 

relatively large volume changes, with changes in moisture content.  IDOT 
has no specific criteria, or test procedure to determine potentially 
expansive soils, but soils with LL greater than 50 to 60 % should be 
considered suspect.  If these soils are present in the subgrade, or must 
be used as embankment under the pavement or shoulder, treatment may 
be warranted.  As with frost susceptible soils, examination of existing 
pavements in the area may reveal if the high plasticity soils are unstable.  
Subgrade treatment may consist of surface or subsurface drainage 
techniques, to prevent moisture changes of the soil; removal and 
replacement; or treatment with additives (such as, lime) to reduce the 
plasticity of the material. 

 
   Some soils have a natural structure that may become unstable and 

collapse.  These soils are not unsuitable, but their structure may be 
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unstable.  Natural loess materials, and other slightly cemented soils may 
have their structure weaken, and collapse when wetted.  Placing a 
pavement over loess causes the soil moisture to increase, and loads may 
cause the soil structure to collapse.  However, good construction 
practices usually result in acceptable densification of these subgrade and 
embankment soils.  Unaltered loess materials are often encountered in  
western  Illinois,   where  the  loess  thickness  could  be  5 to 25 m (15 to 
90 ft). 

 
 
  4.1.2.4 Treatment Methods 
 
   In many instances, the compacted soil will not possess adequate strength 

and/or stiffness to provide the required stability.  Therefore, appropriate 
remedial procedures must be used.  Various treatment methods are 
presented in this section.  They include:  1) moisture conditioning and 
drainage,  2) chemical stabilization,  3) removal and replacement,  4) soil 
reinforcement,  and  5) a structure option.   In addition to  these methods, 

   surface and subsurface drainage practices may also be effective.  It is not 
always apparent, which method should be used for a particular situation.  
Listed below are guidelines that may be followed to provide adequate 
consideration of the various treatment methods. 

 
   Step 1.  Determine subgrade stability requirements for each option: 
 
   • Moisture-Density Control - Establish the moisture and density levels 

required to achieve the needed stability level. 
 
   • Use of Additives - Establish the percent of additive and layer 

thickness required. 
 
   • Undercut and Backfill - Determine the required depth of undercut and 

backfill. 
 
   Step 2.  Assess  potential  of  each  of  the procedures by considering the 
                following items: 
 
   • Construction variables (equipment, public convenience, time, and 

compaction). 
 
   • Economic evaluation. 
 
   • Energy consumption. 
 
   • Permanence of treatment. 
 
   • Benefit to the performance of the pavement system. 
 
   Step 3.  Select best option: 
 
   • To select the best option, all of the factors should be carefully 

considered in the comprehensive assessment process.  In some 
situations, certain factors in Step 2 may be weighted more heavily 
than others, depending on local job circumstances. 
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   Soil type and soil moisture content are the major factors influencing 

stability.  Stability refers to soil strength and deformation properties.  For 
fine grained soils, the moisture content is the primary factor which 
controls stability.  Field soil moisture varies with time and depth. 

 
   Subgrade stability requirements are primarily dictated by pavement 

construction considerations.  Analyses of equipment sinkage, due to 
rutting and paving material compaction operations indicate that a 
minimum IBV of 6 to 8 % is required.  Remember that this IBV is not to be 
confused with the laboratory IBR or CBR used for pavement design.  
Many typical fine grained Illinois soils do not develop an IBV in excess of 
6 to 8 %,  when  compacted  at  or wet of OMC,   according to AASHTO T 
99.  Thus, to provide adequate subgrade stability for pavement 
construction, remedial procedures must frequently be used. 

 
   The following sections describe the different treatment methods 

mentioned above.  The discussion of moisture control, removal and 
replacement, and lime treatment are summarized from IDOT’s SSM.  
More details can be found in that reference. 

 
   a) Moisture Conditioning and Drainage - The stability (strength and 

stiffness) of a cohesive soil is influenced primarily by moisture 
content, and to a lesser extent by density.  Wet of optimum moisture 
is the primary factor influencing stability.  For excessively high 
moisture content conditions, it is difficult to achieve a good working 
platform for efficient use of construction equipment, and adequate 
support for the finished pavement. 

 
    Disking or tilling, and drying, are generally effective only in the top 

200 to 300 mm (8 to 12 in.) of subgrade or embankment base, and 
are highly dependent on weather conditions during construction.  
However, drying can be effective if the surface layer of the soil is 
overly moist.  If the soils remain very moist or become wetter with 
depth, it is difficult to maintain a stable working platform.  Field 
experience and theory indicate that heavy repeated loading of a 
system, in which a dry soil layer is located above a wet soil layer, will 
cause a moisture content increase and a reduction in stability of the 
surface layer.  This phenomenon is commonly referred to as 
“pumping.” 

 
    If soil is compacted dry of OMC, it may exhibit excellent immediate 

stability, but it fails to satisfy density requirements.  In time, should 
this material approach saturation, the strength could significantly be 
reduced.  When there is a shallow ground water elevation, the dried 
subgrade will regain moisture, once covered by pavement or fill 
material.  The significance of the loss of stability of a subgrade, as 
the moisture level rises, depends on the pavement design. 

 
    Soils that drain rapidly, or relatively rapidly, may be stabilized by the 

installation of pipe underdrains, as early as possible, during 



January 1999 

4-9 

subgrade preparation.  Pipe underdrains could maintain the stability 
of soils that have been disked or tilled, and dried. 

 
   b) Use of Additives - There are numerous stabilizing agents available 

that can be used in pavement construction.  In general, stabilizing 
agents may be divided into two broad categories based on the 
stabilization mechanisms:  active agents and inert agents. 

 
    Active stabilizers produce a chemical reaction with the soil or 

aggregate, which in turn produces desirable changes in engineering 
characteristics of the soil or aggregate stabilizer system.  A prime 
example of an active stabilizer is lime.  When lime is incorporated in 
medium to fine grained soils it produces numerous favorable 
reactions. 

 
    Conversely, inert stabilizers do not react chemically with the soil or 

aggregate, but rather act to bind together the natural materials.  
Bituminous material is an example of this type of stabilizer.  Other 
inert stabilizers in common use are Portland cement, and lime-fly ash 
mixtures.  In general, active stabilizers are most efficient and 
economical with fine-textured soils; whereas, inert stabilizers 
ordinarily find their greatest application with coarse-textured soils.  
However, Portland cement, may be quite satisfactory and economical 
with coarse-textured soils, as well as medium to moderately fine-
textured soils. 

 
    Even though the subgrade materials may be judged acceptable, the 

physical condition in the field may be so soft and wet as to prevent 
construction activities.  If the soil cannot be dried out by aeration 
within a reasonable time, consideration should be given to treatment 
with an additive to increase its stability.  Lime is the most used 
additive by IDOT for such situations.  Lime may be added to dry up 
the soil, for construction expedience, or to provide a stable working 
platform (lime modification).  It may also be used to permanently 
improve the subgrade material, and becomes a part of the pavement 
structure (lime stabilization).  Portland cement and bituminous 
material may also serve as additives for strengthening a subgrade.  
However, these two, and especially bituminous, are most effective in 
relatively cohesionless soils containing significant sand or gravel 
quantities. 

 
    Other soil-treatment procedures may also improve the strength and 

deformation properties of wet, fine grained soils of inadequate 
stability.  Cement, cement kiln dust, and Type C fly-ash have been 
proposed.  A complete analysis of the strength and stiffness 
modifications, curing requirements, thickness requirements, and 
permanency of treatment should be conducted, to evaluate the 
effectiveness of the stabilizing agent.  For these additives the same 
general construction procedures are used as for lime. Class C fly ash 
is being evaluated by BMPR, for both cohesive and cohesionless 
soils, on experimental features. 
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    Economy requires that quality natural aggregates be used as 

sparingly as possible, in meeting the needs of the high quality 
highway pavements in Illinois.  In many parts of the State, quality 
natural materials are not locally available, and must be transported 
long distances  at considerable cost.   In the construction of 
satisfactory highway pavements, economy may be achieved through 
the use of additives that can change the characteristics of the 
subgrade soil, and thus require lesser pavement thicknesses.  
Additives may also be utilized to upgrade the characteristics of low 
quality natural aggregates. 

 
    Soil stabilization technology has been an area of avid research for 

many years.  Nevertheless, many of the tests and techniques used to 
evaluate stabilizers, or to judge the amount of stabilizer necessary to 
provide the stability and durability required for a given soil are not 
standard laboratory procedures.  The reader is referred to the 
publication titled “Soil Stabilization in Pavement Structures:  A User’s 
Manual”, Terrel et al. (1979); and to Publication No. FHWA-IP-80-2, 
Vols. 1 and 2, for a thorough discussion, and a significant list of 
references on stabilizer techniques most appropriate for Illinois soils.  
Also, see BMPR’s Subgrade Stability Manual (1982). 

 
    A lime stabilized soil mixture may be used as a base course in the 

pavement.  In this case, the soil shall be a reactive soil, according to 
the Standard Specifications.  This means that the mixture should 
have a compressive strength increase greater than 350 kPa (50 psi), 
and a minimum total compressive strength of 700 kPa (100 psi).  If 
these conditions are satisfied, Table 4-2 should be used to determine 
the layer thickness.  It is important to allow adequate field curing 
time, to develop the mixture compressive strengths required. 

 
    There are several advantages to soil-lime treatment. 
 
    1) Subgrade undercutting is minimized.  In most cases, the 

required depth of stabilization can be achieved without removing 
any of the in situ material. 

 
    2) If wet borrow materials are encountered, the lime treatment 

operation is incorporated as part of the layer by layer 
embankment construction sequence.  Normally, the percent lime 
used as a drying agent is significantly less than that used for 
lime modification. 

 
    3) Compared to the removal and replacement with granular backfill, 

lime treatment is more cost effective. 
 
   c) Removal and Replacement (or Undercut and Backfill) - Removal of 

the weak subgrade soil and replacement with a more suitable 
material is another remedial alternative.  When settlement is not a 
problem, relatively shallow undercuts may be used to provide a 
working platform, or stable subgrade.  Deep deposits of peat and 
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muck, usually require extensive removal and replacement to prevent 
or mitigate settlement. 

 
    A popular remedial procedure is to cover a soft subgrade with a layer 

of granular material.  Another procedure is to remove a portion of the 
soft material to a predetermined depth below the PGL, and replace it 
with granular material.  The granular layer distributes the wheel loads 
over a larger area of the unstable subgrade, and serves as a working 
platform on which construction equipment can operate. 

 
    Section 6.5 presents a simple procedure for determining the 

thickness of removal and replacement. 
 
    The removal and replacement method for providing a stable working 

platform is mostly used in urban areas, where lime treatment could 
be too dusty.  Several advantages have contributed to its popularity, 
including: 

 
    1) This method is a simple procedure which does not require any 

specialized equipment.  All of the equipment needed for the 
operation is normally present on a highway construction project. 

 
    2) The method can be used for large scale treatments and for spot 

treatments. 
 
    3) If suitable backfill material is readily available, the undercut and 

backfill treatment is relatively inexpensive.  The costs involve 
excavating and wasting the  unsuitable material  and   procuring, 
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Table 4-2  Thickness Requirements for Lime Stabilized Soil Layers * 
 
 
 
 In situ Subgrade Strength  Minimum Lime-Soil Layer 
  Thickness, mm ( in.)(1) 
 
 k**, MPa/m 700 kPa(2) 1400 kPa(2) 
    (psi/in.)  Qu, kPa (tsf) IBR % Cone Index*** (100 psi) (200 psi) 
 
 
 13  (50)   60 (0.6) 2   560  (80) 300 (12) 230 (9) 
 
 
 34 (125) 120 (1.2) 4 1120 (160) 300 (12) 230 (9) 
 
 
 40 (150) 200 (2.0) 6 1680 (240) 230  (9) 200 (8) 
 
 
 54 (200) 250 (2.5) 8 2240 (320) 230  (9) 200 (8) 
 
 
 
 
 * Data reproduced form the SSM. 
** Modulus of Subgrade Reaction. 
*** Penetrometer load in kN (lbs.) divided by the cone base area m² (in.²).  Units in kPa (psi) 
 not expressed. 
 
 
(1) Required strengths must be developed in stabilized layer, before layer is opened to traffic. 
(2) Qu values for the lime-soil mixture. 
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placing, and compacting the backfill material.  As the distance to 
the source of backfill material increases, the cost will increase. 
 

    4) It is possible, with reasonable results in most circumstances, to 
design for a specified number of coverages using an IBR based 
design. 

 
    Several problems are involved in the use of removal and 

replacement as a remedial measure.  These include: 
 
    1) The IBR based design method may not always be adequate for 

determining the proper required thickness of undercut and 
backfill.  The procedure is empirical and has been extrapolated 
for a design situation different from which it was developed. 

 
    2) If the subgrade is of poor quality due to a high water table, the 

backfill material may also be affected by the water conditions.  In 
this case, it is necessary for the strength of the backfill materials 
to be fairly insensitive to moisture content increases. 

 
    3) Unless a separation layer is used, the weak subgrade may 

infiltrate into the granular material or the granular material may 
intrude into the soft soil, thereby reducing the effective thickness 
of the granular layer. 

 
    In some cases, surface and subsurface drainage techniques may be 

effectively utilized to alleviate moisture related problems, noted in 
Items 2 and 3 above. 

 
   d) Soil Reinforcement - As mentioned in Chapter 3, the stability of soft 

subgrades can be increased by placing a geosynthetic material 
(fabric or grid) over the soft subgrade and covering it with granular 
material.  The basic functions of the fabric are:  1) to keep the 
subgrade soil separated from the granular material; 2) to aid in 
distributing the stresses transmitted to the subgrade; and 3) to 
provide a filter medium which allows water to flow from the subgrade 
to the granular layer, thereby providing a drainage path for the 
subgrade soil. 

 
    Holtz et al. (1995) and several geosynthetic manufacturers have 

developed granular layer thickness design methods.  However, the 
BMPR should be contacted.  The BMPR will use the most reliable 
method.  In many cases, approximately a one-fourth to one-third 
reduction in granular thickness can be achieved.  Several factors, 
including subgrade strength, traffic coverage, and geotextile 
properties, influence the thickness of the granular layer required. 

 
    A reduction in the required granular layer thickness also means a 

reduction in depth of undercutting, if required.  The geotechnical 
engineer must determine whether the geosynthetic and installation 
costs are less than the extra excavation and aggregate costs. 
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    The Standard Specifications indicate the minimum requirements of 

fabrics for ground stabilization.  While these specifications are 
applicable to many project conditions, there may also be other 
projects that require different geotextile properties.  If a fabric is 
required that is different from the Standard Specifications, the 
Geotechnical Report must contain a job specific Special Provision. 

 
   e) Structure Option - When the roadway subgrade over a peat bog 

cannot be stabilized satisfactorily by any of the above options, a dry 
land bridge may be proposed.  A dry land bridge is an expensive 
option, but it provides a very stable roadway.  A dry land bridge 
should not be selected based on initial cost.  The extra maintenance 
costs and future replacement costs must also be considered.  In the 
northern part of the State, dry land bridges are subject to icing. 

 
    The design recommendations must specify the bridge length (may be 

different for different lanes), the pile lengths, and any design details.  
An example of a design detail is the support of the storm sewer, if a 
closed drainage system is part of the improvement. 

 
 
4.2 EMBANKMENTS 
 
 Embankment design should address settlement, slope stability, and the bearing capacity 

at the base.  Special design requirements for embankments must also be addressed in the 
Geotechnical Report.  The embankment settlement must be tolerable, especially adjacent 
to rigid structures.  Differential settlement is more of a concern than the total settlement. 

 
 In the absence of bridges and culverts, the “tolerable settlement” depends primarily on the 

ridability of the roadway, rather than the structural integrity of the pavement.  At bridge 
approaches and culvert crossings, the tolerable settlement depends on both the ridability 
and the structural integrity of the bridge or the culvert.  As mentioned in Section 3.2.3.3 
concerning the stability of slopes, IDOT’s current practice requires a minimum FOS of 1.3 
against a slope or base failure, if the analysis is based on laboratory testing of undisturbed 
samples.  If the stability analysis is based on the field (Rimac) tests of split-spoon 
samples, the FOS should be 1.5.  When excessive settlement or stability becomes a 
concern, remedial treatments should be considered. 

 
 
 4.2.1 Embankment Stability 
 
  In order to satisfy or exceed the minimum FOS requirements, remedial treatments 

are employed.  The particular treatment used should be selected on the basis of 
economics and possible site constraints.  The techniques suggested below are not 
listed in any order of priority, importance, or cost, but must be selected to best fit a 
particular situation.  The techniques used to improve the stability of the base of an 
embankment are essentially the same as those used to improve the stability of a 
subgrade, as discussed in detail in Section 4.1.2.4, and will not be repeated in 
detail in this section.  In general, deficiencies in slope stability FOS can be 
corrected by any one of several measures, such as: 
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  • Removal and replacement of the weak material. 
 
  • Employment of a midslope berm, or other variations of berms. 
 
  • Soil reinforcement with steel, geogrid, or geotextile. 
 
  • Installation of wick drains, sand drains, or stone columns. 
 
  • Instrumentation and control of embankment construction. 
 
  • Installation of a structural support such as a retaining wall; or a dry land bridge 

over weak foundation soils, to avoid base failure. 
 
  Weak soil may be removed from the embankment foundation, and replaced by 

material of higher shear strength.  Normally, suitable earth borrow is satisfactory 
for replacement.  In the case of a wet excavation, granular material must be placed 
to a height of 0.6 m (2 ft) above the water level observed at the time of placement.  
The balance of the replacement may be accomplished with suitable earth borrow. 

 
  The method chosen should be feasible, economical, and suited to the site 

conditions.  The chosen method should be analyzed to demonstrate its capability 
of improving the FOS to meet minimum requirements. 

 
  When a high embankment crosses peat deposits (peat bogs) or swampy areas, 

stability and/or excessive settlement must be considered.  A bridging layer will not 
be sufficient treatment.  Extensive removal and replacement will be needed.  Load 
balancing with light weight fill is another option. 

 
  Although it is preferable to avoid a peat bog or swampy area, there are many times 

when they cannot be avoided.  Through swamp areas, embankments must be 
constructed on a stable foundation.  This helps avoid serious problems which may 
occur within a short time after completion.  The manner in which this is 
accomplished, and the problems to overcome, depend largely on the type and 
depth of materials that exist in the swamp.  The presence of peat or muck may be 
determined by the surface appearance and vegetation cover.  However, a detailed 
program of boring and sounding is required for accurate identification of a peat 
bog. 

 
  Natural peat bogs often consist of several layers of peat, or combinations of 

organic and mineral deposits overlying stable mineral soil.  While these upper 
layers may vary markedly in composition and exhibit a range in physical properties, 
they are entirely unsuitable as subgrades for major highways.  Therefore, it 
becomes necessary to treat these materials in such a manner that they do not 
cause detrimental settlement; or perhaps, failure of the embankments and 
highways built upon them. 

 
 
  If it is economically feasible, removal is performed to a width half way out the 

embankment side slopes, as shown in Figure 4.1.  With dual pavements, it may be 
possible to partially remove peat bogs under median areas. 
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Figure 4.1  Width of removal and replacement in peat bogs 
 
 
 
  Depending on the depth and thickness of peat bogs, four removal options are 

described below: 
 
  a) Total excavation method - This method can be used without major problems 

for swamps less than 4 m (12 ft) in depth.  For greater depths, this method 
should only be recommended after considering:  1) stability of the excavation 
walls and the bottom; 2) difficulty with inspection; 3) the need for a temporary 
rolling surcharge and full-width trenching/backfilling in wet excavation; 4) the 
need for dewatering; 5) the rate of advancement of the embankment (and 
surcharge) in deep swamps, compared to the rate of excavation; and 6) in 
underwater excavation, the need for special means (such as a boat or raft) to 
probe or inspect.  In a water filled trench, backfilling with granular material 
should be recommended to an elevation of 600 mm (24 in.) above the water 
level, to provide a stable platform.  If soft marl is anticipated at the bottom of a 
dry excavation, a 0.6 to 1 m (2 to 3 ft) uncompacted lift of clean granular 
material at the bottom should be recommended. 

 
  b) Partial excavation - For a small embankment on a peat bog, where settlement 

is the only concern, partial removal and replacement may be feasible.  The 
geotechnical engineer must compute the amount of peat that needs to be 
removed, to reduce the settlement to a tolerable level.  This must be based on 
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laboratory consolidation tests.  In general, the analysis will show that removing 
one half the peat does not remove half the settlement.  Since the replacement 
material often weighs two or more times the weight of the peat removed, the 
remaining underlying peat settles more. 

 
  c) Partial excavation and displacement - If the organic matter is too deep to be 

totally excavated, it may be advantageous to recommend a combination of 
partial excavation and displacement.  The theory of this procedure is to 
overload the weak material, to such an extent that it is displaced by a rolling 
surcharge and by backfill material.  A forward relief trench, combined with a 
surcharge, creates the condition of unbalance which causes displacement.  
Thus, the effectiveness of the treatment is directly related to the depth of the 
trench and the height of the surcharge.  Failure to maintain adequate 
dimensions for the surcharge and trench is usually the cause of incomplete 
removal.  Careful attention should be given to the plans that indicate the depth 
of removal, in order to assure complete removal of the peat.  An open trench, 
at least 3 m (10 ft) deep and having a width approximately equal to the depth 
of the swamp or peat material to be removed, should be recommended in front 
of the rolling surcharge. 

 
   Cross sections for peat excavation quantities are needed, when this method of 

removal is employed.  Therefore, it may be necessary, to conduct check 
borings after completion of the backfill for:  1) determining cross-sections for 
peat excavation and pay quantities; and 2) confirming that no unsuitable 
material remains underneath the embankment.  Normally, check borings 
should be made at 15 m (50 ft) intervals, with 4 borings transverse to the 
centerline for single lane roadways, and 7 borings for dual roadways. 

 
  d) Load balancing with light weight fill - When it is not feasible or economical to 

remove the peat bogs, it may be possible to “float” the new pavement.  It is 
often possible, to remove enough existing soil such that it can be replaced by 
an equal weight of light weight fill plus the new pavement.  Therefore, there is 
no  increase  in  load  to  the peat.   Light weight  fills  that are available are:  
1) cellular concrete at 300 to 800 kg/m³ (20 to 50 pcf); 2) expanded clay 
aggregate, at 600 to 1100 kg/m³ (40  to  70 pcf); 3) expanded polystyrene 
(EPS) blocks at 20 to 60 kg/m³ (1 to 4 pcf); 4) light weight slag; 5) sawdust; 
and 6) other materials.  There are special techniques needed for some of 
these products, and environmental concerns with others.  Before these 
products are recommended or used, the engineer should be totally familiar 
with the cost, special construction techniques, durability, and effects on future 
construction and maintenance to the roadway.  When calculating the depth of 
excavation, the buoyant weight of the light weight fill and pavement should be 
considered, to prevent the pavement from floating during periods of high 
ground water and flooded ditches. 

 
   As with partial removal, partial load balancing may reduce settlement to a 

tolerable level, if the new load cannot be completely balanced. 
 
   Light weight fills do not stabilize or remove the peat, they merely “float” over 

the problem soils. 
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   Use of sand or wick drains can accelerate drainage, and speed consolidation 
and strength gain.  Wick drains and sand drains have been successfully used 
by IDOT.  Stone columns have been tried by IDOT, to increase the sliding 
resistance at the interface between an embankment and a weathered shale 
layer. 

 
   Many weak subsoils will tend to gain strength during the loading process, as 

consolidation occurs, and excess pore water pressure dissipates.  A controlled 
rate of loading, or stage construction, may be utilized to take advantage of this 
strength gain.  Proper instrumentation is desirable to monitor the state of 
stress in the soil during the loading period, to insure that loading does not 
proceed so rapidly as to cause a shear failure.  Instruments such as 
inclinometers, extensometers, and even less sophisticated devices are 
particularly valuable in monitoring early movement of the slope, toe, and 
crown areas. 

 
   The slopes can be rendered safer by flattening, which is effectively 

accomplished by placing berms on the embankment.  In no case, should the 
berms be narrower than 3 m (10 ft), [ideally 4.5 m (15 ft)], in order to provide 
for adequate maintenance by mechanical equipment. 

 
   Geosynthetic  products may also be used to stabilize embankment bases over 

soft and very soft materials.  When the primary concern is stability rather than 
settlement, geotextiles and geogrids can be used separately or together to 
reinforce the base of the embankment against lateral spread and failure.  The 
design presented in the Geotechnical Report must be analyzed for slope 
stability, bearing capacity, and settlement. 

 
   Under special conditions, an area of weak soil may be bridged by a structure, 

and the concern for a stable embankment circumvented. 
 
 
 4.2.2 Embankment Settlement 
 
  Embankments constructed over compressible deposits experience settlements that 

vary in degree of severity and the length of time to reach equilibrium.  Laboratory 
consolidation tests on undisturbed samples will give an estimate of the amount of 
settlement and the time required to achieve the settlement.  The stresses  in the 
foundation may be estimated by procedures discussed in Appendix  IV.   The  
Geotechnical  Report  should  describe  the situation, and present 
recommendations on various available treatments.  The treatment methods should 
provide the designer with an opportunity to compare the economics of each, and to 
estimate the time required to achieve the greater part of the settlement, by each 
method.  Each treatment method should be accompanied with backup data, to help 
the designer compare the alternatives. 

 
  Some of the corrective measures IDOT has used to mitigate settlement problems 

are: 
 
  • Removal and replacement of the compressible soil.  The economics of this 

method have to be questioned, when the depth of removal exceeds 4 m (12 ft). 
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  • The use of instrumentation and time delays in bridge foundations and approach 

pavement construction, until an acceptable level of consolidation has taken 
place. 

 
  • The use of sand or wick drains, mostly in conjunction with preloading, to 

accelerate settlement. 
 
  • Preloading the site with a surcharge load. 
 
  • Vibrocompaction.  This treatment applies to loose, granular deposits only. 
 
  • Dynamic compaction.  This consists of dropping a weight from a certain height 

to densify the upper 4.5 to 6 m (15 to 20 ft) of loose, granular deposits. 
 
  The compressible deposit may be removed and replaced by a suitable material, if 

economically feasible, unless considerations of stability require a more extensive 
treatment.  The replacement material should be a drainable, granular material 
placed to a height of 0.6 m (2 ft) above seepage water in the excavation.  The 
remainder may be constructed with suitable earth borrow. 

 
  When settlement problems arise, the time of settlement can be substantially 

reduced through the construction of a sand blanket.  This blanket should consist of 
clean, drainable sand or granular material, not less than 600 mm (24 in.) thick.  
The blanket is placed over the original ground surface and serves as a drainage 
platform for the embankment.  The granular blanket must be day-lighted at the 
sides of the embankment, or effectively tapped, in order to provide free drainage. 

 
  The drainage path for surplus moisture in consolidating deposits may also be 

shortened by the use of vertical sand drains or wick drains, to reduce the 
settlement time.  A successful sand or wick drain operation requires a detailed 
subsurface analysis, design, and careful installation of the sand or wick drains.  
The detailed procedures should also consider the nature of the substrata and its 
influence on the success of the treatment. 

 
  The rate of settlement depends upon the thickness and permeability of the 

consolidating layer, the character of the drainage pattern, and the pore water 
pressure.  Thus, a surcharge can be used to speed up consolidation.  However, 
care must be taken to assure the shear strength of the supporting soil is not 
exceeded; or a lateral squeeze may result.  A simplified procedure (Eq. 3-3) for 
computing the stability of the base is given in Section 3.1.2.3. 
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 4.2.3 Embankment Reinforcement 
 
  Due to the high cost of additional R.O.W. and retaining wall systems, RSS may be 

considered when there is insufficient R.O.W. for a normal embankment side slope.  
The RSS must have both internal and external stability and tolerable settlement.  
Erosion should also be addressed. 

 
  IDOT contracts can use either proprietary RSS systems or a specific design by the 

geotechnical engineer.  For either method, the engineer must analyze external 
stability and settlement.  Also, the engineer should provide any design 
recommendations necessary to ensure that the RSS system is stable and that 
settlement is tolerable. 

 
  If a proprietary system is to be used, the plans should give line and grade 

drawings.  A special provision giving reinforced slope design requirements, and a 
list of approved proprietary reinforced slope systems is required.  The 
manufacturer of the proprietary system or the contractor should submit detailed 
shop drawings and stability analysis for review by the SSC. 

 
  If the geotechnical engineer elects to perform the detailed RSS design, complete 

design recommendations should be provided, including: 
 
  • Slope angle. 
 
  • Specifications for the geosynthetic material. 
 
  • The geosynthetic embedment length. 
 
  • Specific geosynthetic vertical locations, and soil layer thicknesses. 
 
  • Embankment properties, and compaction required. 
 
  • Slope surface treatment. 
 
  A Special Provision should indicate the materials and construction techniques.  

Material properties that cannot be tested by BMPR must be certified by the 
producer.  The geotechnical engineer should analyze internal and external stability 
and settlement.  The RSS design should be submitted to the SSC for review. 
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4.3 CUT SLOPES 
 
 IDOT’s current practice utilizes a minimum FOS of 1.5 for cut slopes, based on laboratory 

testing of undisturbed samples.  If the stability analysis is based on the field (Rimac) tests 
of split-spoon samples, the FOS should be 1.7 or greater.  The higher FOS required for 
backslopes (cutslopes), as compared to embankments, is based upon the knowledge that 
cut slopes may deteriorate as a result of natural drainage conditions. 

 
  

 
Cut slope stability may be improved by the following: 

 
 • Flattening of Slopes 
 
  This can most effectively be accomplished by benching.   Benches should be at least 

3 m (10 ft) wide [ideally 4.5 m (15 ft)] in order to provide for proper construction and 
maintenance. 

 
 • Improvement of Drainage 
 
  Ground water seepage at the face of a cut slope, or a perched water table (due to a 

soil contact with a less permeable underlying layer) may result in sloughing, or other 
problems.  Drainage cutoff trenches may be designed to intercept the seepage, and 
thus, render the slope face stable. 

 
  Under special conditions, stability may be provided by some erosion protection 

measures or by a properly designed retaining structure which includes retaining walls, 
rock buttresses, binwalls, or sheeting walls. 

 
 Specific design recommendations must be provided to ensure cut slope stability, if the 

analysis shows an unacceptable FOS. 
 
 
4.4 DRAINAGE 
 
 Since it is desirable to maintain the pavement system and subgrade free of excess water, 

subdrains are frequently employed.  Drainage must provide for the dissipation of water, 
accumulated in the pavement structure, due to roof leakage.  In certain localized areas, 
drainage also must be provided for seepage water entering the pavement subgrade 
system laterally, or from below the subgrade.  The Standard Specifications, and 
Supplemental Specifications and Recurring Special Provisions contain different types of 
pipe drains, pipe underdrains, and backslope drains.  The design recommendations must 
specify the exact type of drain to be used. 

 
 Various geosynthetic products have gained favor as a substitute for conventional soil 

filters, and they offer an excellent opportunity to provide a satisfactory filter system at a 
considerable cost savings.  Geotextile filter fabric can be designed by methods similar to 
that for aggregate filters.  Geotextile filters are much more economical than aggregate 
filters.  Fabrics or drainage materials specified in the Standard Specifications should be 
used, if possible.  If another fabric must be used, a job specific Special Provision 
addressing material properties, storage, handling, and installation must be provided to the 
designer. 
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4.5 EROSION CONTROL 
 
 At IDOT, erosion control is not the responsibility of the DGE.  Each District has an Erosion 

Control Coordinator.  However, erosion can dramatically affect soil stability and 
construction of geotechnical projects. 

 
 Highway construction is believed to cause soil erosion.  Consequently, erosion causes 

pollution; and pollution causes degradation of the environment.  Construction activities that 
are subject to high erosion risks, include:  R.O.W. clearing, earthwork, ditch construction, 
use of haul roads, culvert installation, channel changes, pier or abutment work in streams, 
use of temporary stream crossings, borrow pit operations, and hydraulic or mechanical 
dredging.  Factors that affect erosion are:  rainfall intensity, the natural slope, soil type, 
rate of runoff, and depth and velocity of runoff.  Much attention by both Federal and State 
governments has been directed to the control of erosion and sedimentation.  As a result, 
highway construction specifications consider protective measures, to reduce detrimental 
effects on land and water.  Additional items of work have been included in project plans.  
New construction techniques have been developed to minimize erosion, and to prevent 
sediment damage.  However, erosion, and the resulting sedimentation associated with 
highway construction projects will always be a problem. 

 
 Erosion potentials should be assessed during the planning phase (Phase I).  Soil types, 

anticipated cuts and embankments, grades, proximity to critical areas, and channel 
change requirements should be studied and cost estimated, if special protection is 
necessary.  Therefore, design recommendations should consider IDOT’s policies and 
responsibilities concerning erosion.  See Section 6.9, for the proper construction 
procedures to reduce erosion. 

 
 
4.6 STORM SEWERS 
 
 Design recommendations may need to be provided for storm sewer design and 

construction.  Since only a preliminary geotechnical investigation is, usually, performed in 
the planning phase (Phase I), very little may be known about the drainage system.  The 
geotechnical engineer will have to make assumptions about the storm sewer depth, 
diameter, and type.  An addendum to the Geotechnical Report may be necessary, once 
the details of the drainage system are finalized in the Design Phase (Phase II).  Unless 
special conditions warrant otherwise, design recommendations should be consistent with 
the Standard Specifications. 

 
 The storm sewers need a stable base for construction, and should not be subjected to 

excessive settlement.  If the proposed storm sewer crosses weak soil, but the grade is not 
being raised, a working platform no thicker than 300 mm (12 in.) should be sufficient to 
provide a stable base during construction.  If the grade is being raised (which will cause 
the storm sewer to settle), the geotechnical engineer and designer must determine how 
much settlement is tolerable.  Soil treatment should be considered in the same manner as 
for subgrades.  It may also be feasible to use pipe with special joints that tolerate large 
amounts of differential settlement. 

 
 The contractor is responsible for trench sidewall support.  However, in cases where 

stability of surrounding structures or facilities would be affected, the Geotechnical Report 
should provide recommendations to assure safety and stability.  It is likely that quantities 
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for sheeting, or provisions alerting the contractor to special requirements, will be provided 
in the plans or Special Provisions. 

 
 The contractor is responsible for keeping the storm sewer excavation dry.  However, when 

a normal sump and pump system will not be sufficient, design recommendations must be 
provided.  The contract plans must alert the bidders to the probable need for special 
dewatering, or the plans should provide quantities for sheeting, well points, or some other 
appropriate ground water control method. 

 
 When the proposed storm sewer system will be below the permanent or seasonally 

fluctuating ground water elevation, and the soil consists of fine sand or silt; rubber gaskets 
should be recommended for the pipe joints.  Mastic joints may leak if not properly applied, 
and the fine sand or silt may infiltrate into the pipes causing loss of ground support.  
Rubber gaskets are a more reliable seal. 

 
 
4.7 STRUCTURES 
 
 The Geotechnical Report for a structure must present design recommendations for 

structure type, foundation type, allowable loads, and constructability.  The analyses 
performed to develop the recommendations must also be given in the Report.  If more 
than one structure type, foundation type, or construction method are feasible, the designer 
must be given the information necessary to evaluate alternatives. 

 
 
 4.7.1 Bridges 
 
  Design recommendations for bridge piers and abutments should include 

foundation type (spread footings, piles, or drilled shafts), allowable pressures, and 
the predicted settlement.  Any soil treatment required for spread footings should be 
given.  Foundations for bridges over streams must be designed to be stable under 
conditions of maximum calculated scour. 

 
 
 4.7.2 Retaining Walls 
 
  Design recommendations for retaining walls should include wall type or types (cast 

in place concrete, internally reinforced earth, soldier piles and lagging, or sheet 
pile), lateral earth pressures, and drainage requirements.  Alternate wall types, 
besides cast in place concrete, must be evaluated in order to ensure that the most 
economical wall type is used. 

 
  The design recommendations for cast in place concrete retaining walls should 

include:  foundation type, allowable loads, predicted settlement, lateral earth 
pressure, and drainage requirements.  MSE retaining walls must be analyzed for 
external stability and settlement.  The design of MSE walls more than 3 m (10 ft) 
high, must be submitted for review by the BBS. 

 
  Soldier pile and lagging walls, as well as sheet pile walls can be either cantilevered 

or anchored.  Anchors can be either a dead man type or drilled tie backs.  Design 
recommendations for the walls include the elevations of the top and bottom, size of 
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the members, lateral earth pressures, drainage requirements, and installation 
requirements.  If anchors are needed, the type, size, location, inclination, 
installation requirements, and acceptance testing procedure need to be provided.  
Details of member connections for the anchors and wall, or anchors and wales to 
the wall are the responsibility of the structural engineer.  However, the 
geotechnical engineer should provide all soil parameters needed for design. 

 
 
 4.7.3 Box Culverts 
 
  Design requirements for box culverts include any soil treatment required for 

support of the culvert and reduction of settlement, foundation recommendations for 
wing walls supported on soil, and drainage requirements. 

 
 
 4.7.4 Miscellaneous Structures 
 
  Complete foundation design recommendations should be provided for signs, high 

mast lighting, traffic signals, and other miscellaneous structures.  Typically, drilled 
shaft foundations are used for these structures.  IDOT has standard foundation 
design tables that are used in many contracts, but these tables are conservative.  
Site specific foundations should be designed, if borings are available at the 
structure location. 

 
 
4.8 SEISMIC DESIGN RECOMMENDATIONS 
 
 Analysis procedures for slope stability, seismic settlement, and liquefaction potential are 

discussed in Section 3.2.7. 
 
 
4.9 CONSTRUCTION DETAILS 
 
 Design recommendations should be feasible from a construction standpoint.  Therefore, 

constructability must always be considered when making recommendations, and 
construction details are part of design recommendations. 

 
 There are few new alignments being constructed by IDOT.  Most IDOT projects consist of 

improving existing roadways, structures, and facilities. Therefore, construction staging is a 
major design concern in these existing projects.  Removal and replacement operations 
must be evaluated for stability of side slopes adjacent to existing facilities, especially 
pavements in use.  Sheeting is often used to stabilize cut slopes.  However, sheeting is a 
very expensive alternative, especially if cantilever sheeting is not sufficient, and struts or 
anchors are needed.  Removal and replacement may not be an economical solution, due 
to the high cost of sheeting.  Use of dry lime for subgrade treatment is not recommended 
in highly populated areas, or adjacent to highly trafficked areas, due to public concern with 
lime dust. 

 
 Construction details are particularly important for structures.  Recommendations for 

temporary support must be provided, which includes sheeting and cofferdams.  Drainage 
needs for dewatering, and seal coats must be recommended to the designer. 
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 Different parts of the State have typical construction methods; which are based on 

economics, effectiveness, and the availability of materials.  The DGEs and their assistants 
should be contacted for local practice. 

 
 
4.10 GEOSYNTHETICS - AN OVERVIEW 
 
 The term “geosynthetics” refers to all fabricated synthetic (usually polymeric) materials 

used in various geotechnical applications; such as drainage, reinforcement, erosion 
control, and light weight fill applications. 

 
 
 4.10.1 Geosynthetic Types and Applications 
 
  Each geosynthetic type fits a certain application.  The following is an alphabetical 

list of the different geosynthetic types, which have been used on highway 
geotechnical projects.  Information about and specification ranges for the various 
geosynthetic types were obtained from the annual “Specifier’s Guide” published by 
Industrial Fabrics Association International (IFAI) of St. Paul, Minnesota. 

 
 
  4.10.1.1 Geocells 
 
   Geocells are designed to:  protect slopes against erosion, stabilize steep 

slopes, provide protective linings for channels, support heavy construction 
traffic on weak subgrade soils, and provide multi-layered earth-retaining 
structures.  Geocells are typically made from high-density polyethylene 
(HDPE).  The cells in the three-dimensional panels are opened and filled 
with granular materials.  The granular material adds weight to make the 
multi-layer system act as a gravity retaining wall, and provides free 
drainage.  Typical geocell wall thicknesses vary from 1.25 to 1.75 mm (50 
to 70 mil; 1 mil = 0.001 in.).  The mass density per unit area of geocell 
varies from 410 to 3,290 g/m² (12 to 97 oz./yd.²).  The expanded cell 
dimensions, area/depth/length, vary form 0.01 to 0.1 m²  (0.1 to 1.1 ft²)  / 
50 to 200 mm  (2 to 8 in.) / 200 to 400 mm (8 to 16 in.). 

 
  4.10.1.2 Geocomposites 
 
   Geocomposites are designed to replace aggregate and/or perforated pipe 

subsurface drainage systems.  A geocomposite consists of a deformed, 
perforated or slotted, plastic core and a geotextile (filter) fabric wrap.  
Geocomposites include geonets, pavement edge drains (drainage mats), 
and sheet (wall) drains.  Wick (strip) drains for expediting drainage of 
deep,   compressible   soil   deposits;    have  also  been  included  in  the 
geocomposite category.  The core material could be HDPE, 
polypropylene (PP), polyvinyl chloride (PVC), high impact polystyrene, or 
a combination of two polymers.  For wick drains, the typical 
width/length/thickness core dimensions are 0.1 m (0.3 ft)/variable/3 mm 
(120 mils).  For drainage mats and wall drains, the core dimensions, 
width/length/thickness,  vary from 0.15 to 1.2 m (0.5 to 4 ft) / 3 to 30 m 
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(10 to 100 ft) / 6.4 to 40.6 mm (250 to 1,600 mils).  The compressive 
strength of drainage mats and walls (ASTM D 1621) varies form 7 to 
1,005 kPa (1 to 145 psi).  At a gradient of 0.1  and a pressure of 38 kPa 
(5.5 psi),  the in plane flow rate (ASTM D 4716) varies from 0.0009 to 
0.009 m²/s (4.4 to 45 gal./min./ft). 

 
 
  4.10.1.3 Geofoam 
 
   Geofoam refers to low-density cellular plastic foam, either molded 

expanded polystyrene (EPS) blocks or extruded polystyrene (XPS) 
sheets.  Geofoam is used as a super light-weight fill, with 24 to 48 kg/m³ 
(1.5 to 4 pcf) mass density, compared to other light-weight materials with 
800 to 1,120 kg/m³ (50 to 70 pcf).  The geofoam’s light-weight makes it a 
viable option for landslide repair, and for embankments on soft, 
compressible deposits.  Geofoam is also used for thermal insulation of 
pavement and foundations.  Geofoam, however, requires special design 
to consider buoyancy, fungus attack, and the presence of petroleum 
products (asphalt, oil, or gasoline). 

 
 
  4.10.1.4 Geogrids 
 
   Geogrids are used for soil reinforcements in embankments and walls, 

subgrade stabilization and/or separation, and embankment base 
reinforcement.  Geogrids are characterized by integrally connected 
elements, with in-plane apertures (openings) uniformly distributed 
between the elements.  The apertures allow the soil to fill the space 
between the elements, thereby increasing soil interaction with the geogrid 
and ensuring unrestricted vertical drainage.  The geogrids vary in 
manufacturing process, polymer type, coating, density, aperture 
dimensions, and tensile strength.  Depending on the brand name and 
material, the geogrid could be woven, non-woven, knitted, laminated, or 
extruded.  The geogrid could be made of polyester, polypropylene, 
polyethylene or fiberglass.  The material coating, if needed, could be 
PVC, polyester, bitumen, elastomeric polymer, or latex.  The mass 
density  per  unit  area  of  geogrids  varies  from  140 to 1,400 g/m² (4 to 
40 oz./yd.²).  Aperture size varies form 5 to 100 mm (0.2 to 4 in.).  The 
wide width ultimate tensile strength (ASTM D 4595) varies form 17 to 380 
kN/m (1,200 to 26,000 lb./ft).  The tensile strain varies form 8 to 20 %. 

 
 
 
 
 
 
 
 
 
 
 



January 1999 

4-27 

  4.10.1.5 Geomembranes and Geonets 
 
   Geomembranes serve as hydraulic barriers.  Geonets are horizontal 

drainage mats, often used in conjunction with geomembranes in landfill 
applications.  Geomembranes and geonets have very limited use for 
highway projects.  However, transportation agencies have increasing 
environmental concerns.  Therefore, geomembranes could be used for 
containment of spills, leaking underground storage tanks (LUST) or other 
hazardous materials within the R.O.W. 

 
 
  4.10.1.6 Geotextiles 
 
   Generally, geotextiles provide separation, reinforcement, filtration, 

drainage, and hydraulic barrier.  A geotextile may be woven, non-woven, 
or knitted.  Woven fabrics exhibit high tensile strength, high modulus, and 
low strain.  Non-woven fabrics typically have high permeability and high 
strain characteristics.  Geotextiles are available in a variety of geometric 
and polymeric composition, to serve various applications.  Most 
geotextiles are made of polypropylene. 

 
   The long-term performance of a geotextile is a function of the durability 

and creep characteristics of the polymer structure.  In a permanent 
installation, it is important that the polymeric material is resistant to the 
effects of ground, weather, and aging conditions.   The mass per unit area 
of geotextiles varies from 60 to 1,430 g/m² (1.8 to 42 oz./yd.²).  The grab 
tensile strength (ASTM D 4632) varies from 0.23 to 2.23 kN (50 to 500 
lb.).  The elongation (strain) varies from 7 to 70 %. 

 
 
 4.10.2 Usage By IDOT 
 
  The uses and types of geosynthetics are expanding rapidly.  IDOT uses some of 

the geosynthetic types, mentioned above, in various applications.  The Standard 
Specifications address several materials including:  Fabric Envelope for Pipe 
Underdrains; Geotextile Fabric, for Ground Stabilization and Silt Filter Fence; Filter 
Fabric for Use with Riprap; Fabric for Fabric Formed Concrete Revetment Mats; 
Geotechnical Fabric for French Drains; Fiber Mat, for Ditch Lining; Geocomposite 
Wall Drain; and Drainage Mat Underdrain. 

 
  If a geosynthetic material is recommended, and it is not referenced by the 

Standard Specifications, a Special Provision must be developed to specify material 
properties, transportation, storage, construction installation method, and any short- 
or long-term protection.  In addition to the IFAI’s Specifier’s Guide, mentioned in 
Section 4.10.1, Holtz et al. (1995) also provides a useful guide for preparing 
specifications for geosynthetic materials. 

 
  The BMPR has limited testing capabilities for geosynthetic materials.  Therefore, 

acceptance of geosynthetic materials is primarily based on a manufacturer’s 
certification.  The tensile strength test is conducted by BMPR.  Some geosynthetics 
have not been approved for a variety of reasons, including concerns with the long-
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term strength (creep) and durability.  There is a number of commercially available 
products, for which the engineering analysis is based on the manufacturer’s 
recommended method.  Such methods should be carefully evaluated by the 
geotechnical engineer.  The BMPR should be contacted for current practice, and 
review of district special provisions to ensure uniform statewide practice. 

 
 
4.11 SPECIAL PROBLEMS 
 
 Special problems may require careful evaluation regarding their effect on the final 

improvement.  One of the most common is active or abandoned mines.  The presence of 
mines is reflected in local sinks or settlements of the ground surface.  Equally important, 
though less frequent in Illinois, is the occurrence of karst topography.  Karst topography 
consists of solution cavities and caverns in underlying limestone, which may also result in 
local sinks or settlements.  Such situations should always be brought to the designer’s 
attention during the planning phase (Phase I).  At this phase, the design could be modified 
to correct the problem, or to provide for easier correction of future problems. 

 
 The geotechnical engineer may not be able to present design solutions to every special 

problem in the Geotechnical Report.  The Report, however, may be the only place where 
such geological hazards are brought to the attention of the designer. 
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CHAPTER 5 
 

GEOTECHNICAL REPORT 
 
 
 

5.0 INTRODUCTION 
 
 Geotechnical design recommendations are presented in the preliminary geotechnical 

feasibility report, and the Geotechnical Report.  The preliminary geotechnical feasibility 
report is prepared, primarily, on the basis of available information.  Its purpose is to 
provide a generalized insight into areal geology, pedology and other engineering factors 
that may have an impact on the cost of alignment selection.  The Geotechnical Report 
provides the designer with recommendations that are specific to the selected alignment, to 
provide safe transportation and long road life at a reasonable cost. 

 
 
5.1 PRELIMINARY FEASIBILITY GEOTECHNICAL REPORT 
 
 In the planning phase (Phase I), for a major highway facility, the planner often evaluates 

more than one corridor, and several alignments within a corridor in order to evaluate the 
alternates.  The preliminary feasibility Geotechnical Report provides a generalized 
summary of the geologic, pedologic, and engineering information available for the 
corridors in question.  When preparing the feasibility report, information from aerial 
photography; State geological, agricultural, and water surveys are reviewed; and at least 
one field investigation is conducted. 

 
 Engineering and geological reports prepared by and for IDOT are excellent sources of 

information.  Engineering and geological reports may provide general subgrade 
information, foundation conditions, cut and fill locations, stability of cut slopes and 
embankments, and settlement problems within the project limits.  Regional, bedrock, and 
surficial geology should also be discussed in the feasibility report and could be available in 
existing geological reports.   County agricultural reports and maps should also be 
reviewed.  Agricultural reports contain maps showing the location and extent of the various 
soil types that occur in that county.  See Section 1.1 for additional information regarding 
aerial photography, agricultural reports, and geologic maps. 

 
 At least one field investigation should be conducted along each corridor or alignment.  

Depending on the complexity of the project and the amount of available information, the 
investigation may consist of a cursory survey by walking or driving through the project, or 
as detailed as conducting a subsurface investigation.  During the investigation, features 
that have the potential to pose a problem should be identified and discussed in the report.  
Slope cuts, quarries, gravel pits, strip mines, springs, and caverns are examples of 
features that should be identified, and their engineering implications discussed in the 
feasibility report. 

 
 The geotechnical feasibility report should consider the engineering implications of all 

available information and data.  It is important, to identify potential problems and possible 
remedial measures, including those that may be encountered during construction. 
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5.2 GEOTECHNICAL REPORT 
 
 The Geotechnical Report is used in the design phase (Phase II) by the designer to 

develop design plans for a specific improvement or a selected alignment.  The report 
should meet the minimum requirements specified in the following sub-sections. 

 
 
 5.2.1 The State Soils Committee (SSC) 
 
  The SSC is a chartered, intra-department committee represented by a Project 

Review Engineer from the Construction Bureau, the BBS’ Foundation and Soils 
Engineer, the BMPR’s Geotechnical Engineer and the BD&E’s Policy and 
Procedures Engineer.  The purpose of SSC is to provide the Division of Highways 
the means for evaluating, standardizing and implementing sound engineering 
principles in the testing, design and construction of earth work, earth supported 
structures and special foundations. 

 
  The SSC acts on behalf of the Director of Highways in peer review of Geotechnical 

Reports for highway projects, including earthwork, subgrades, soil drainage 
features and special foundations.  The Committee serves as a Review Board to 
provide interdisciplinary technical assistance and technology transfer to the 
Division of Highways’ Bureau Chiefs and District Engineers in matters of 
foundation construction and performance of subgrades and embankments. 

 
  Depending on the size of project, as explained in Section 5.2.2 below, some 

Geotechnical Reports may not require approval of the SSC. 
 
 
 5.2.2 Geotechnical Report Submittal Requirements 
 
  Geotechnical Reports are to be prepared for all projects involving new 

construction, widening in excess of 1.8 m (6 ft), grade changes, or relocations.  
Review and approval of the reports by the SSC is required, except for the 
following:  1) For projects with less than 2,500 m² (3,000 yd.²) of new pavement 
(with no unusual conditions), Geotechnical Reports may be prepared and approved 
by the DGE, and retained in the District files.  2) For projects less than one mile in 
length and involving less than one full-lane [3.6 m (12 ft)] of widening, constructed 
on the existing roadbed, an IDOT District may prepare a condensed, rather than 
formal, Geotechnical Report.  At a minimum, the condensed report shall contain a 
description of the project, a location map, a summary of the geotechnical 
investigation, and recommended treatments. 

 
  For projects other than those discussed in items 1) and 2), a Geotechnical Report 

is required, and approval by the SSC should be obtained, prior to implementing the 
final recommendations on the plans.  Projects that involve unusual soil conditions, 
high fills or deep cuts [greater than or equal to 4.5 m (15 ft)] will also require a 
Geotechnical Report, and a review and approval by the SSC, regardless of the 
project size or amount of new pavement.  The DGE should provide review 
comments on a consultant’s Geotechnical Report, and submit the comments and 
the report to the SSC for final review. 
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 5.2.3 Design and Location 
 
  As a minimum, this section should include the following items: 
 
  5.2.3.1 General Description 
 
   A general description of the proposed improvement should include the 

existing pavement condition, pavement width, number of traffic lanes, 
median, intersections, grade separations, and length of the improvement 
in meters (feet) or kilometers (miles).  A description of proposed 
pavement structures and types, if known, as well as the type of pavement 
that affects the soil recommendations should also be included. 

 
  5.2.3.2 Location Map 
 
   A location map showing the location of the beginning and ending stations, 

and station equations, if applicable.  Section, township, range, and city 
and county names (in urban areas) should also be included on the map.  
Figure 5.1 shows a typical location map acceptable to IDOT.  Listed 
below are the specifications for the location map. 

 
   a) Scale of the map should be at 25 mm (1 in.) equal to 1.6 km (1 mile), 

indicating a north arrow.  If there are many details required on the 
map, a larger scale may be used. 

 
   b) Identification of the route number, section number, and the county. 
 
   c) The proposed improvements properly located on the map, and 

station numbers plainly identified at the beginning and end of the 
project. 

 
   d) Section lines, township, and range. 
 
   e) Proposed pavement, or pavement together with location of 

interchanges, grade separation, and drainage structures. 
 
   f) Station numbers, or dimension needed to clarify the map. 
 
   g) Railroads, wetlands, streams, or bodies of water that cross (or are 

adjacent to) the proposed improvements should be depicted. 
 
   h) Streets and intersecting streets in urban areas. 
 
   i) All cultural, environmental, and natural features should be labeled for 

proper identification. 
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 5.2.4 Boring Plan and Soil Profile 
 
  A roadway plan, showing the areal distribution and location of soil borings along 

the proposed improvements, should be presented in a Geotechnical Report.  A soil 
profile, showing a graphical record of the results of field investigation and subgrade 
conditions along the proposed improvements, should also accompany the boring 
plan.  Figures 5.2 (a), (b) and (c) show typical boring plans and soil profiles 
acceptable to IDOT.  Listed below are the specifications for the boring plan and soil 
profile sheets: 

 
a) The boring plan and/or the soil profile should have a legend on the first sheet, 

to identify all parameters or numerals used on the plan or the profile. 
 

b) A vertical scale of 25 mm (1 in.) equal to 1.5 m (5 ft), and a horizontal scale of 
25 mm  (1 in.)  equal  to   30 m  (100 ft)  should  be used.  Somewhat different 
scales may be used under special circumstances. 
 

c) Each profile sheet should be identified by route,   section number, and county.  
Indicate the drawing scales and the  stationing along the improvement. 
 

d) Profile  of  existing  ground surface,   and  the  PGL  at  the  centerline of each 
pavement should be shown and designated.  The PGL should be indicated by 
a line heavier than the ground surface line.   Location of all borings,   test pits,   
and other  openings from  which samples  were taken and tested  should be 
located,   on both the  roadway  plan and  the soil profile.   The top of each soil  
profile and the thicknesses  of the horizons encountered should be shown at 
the proper elevation.    Each soil layer should be  identified  by  its IDH textural  
classification, discussed in Section 2.2.4, AASHTO M 145 classification and the 
group index; all to be included on the profile for each layer. 
 

e) The  boundaries  of  all  soil  units  should  be  shown on the plan, and properly 
designated  by  a series  name  or  other  symbolic  notation,   which should be 
explained in a legend. 
 

f) The  position  of  all prominent  natural  or  cultural  features.    Drainage  ways, 
intersecting roads, and streets should be shown on the roadway plan. 
 

g) The  elevation  of  any water encountered at completion of boring, and elapsed 
time  from  the  opening  of the borehole to the time of measurement should be 
shown (in parentheses)  on  the  soil profile.   (See  Section  1.2.5.5  for ground 
water observation.) 
 

h) Indicate  the  ground  water  depth  and  elevation  24 hours after completion of 
boring,   when  practical.    If the observation  is made  at another time, give the 
number of hours that have elapsed. 
 

i) Indicate  the  elevation  of  the  ground  surface,  with  respect  to  a permanent 
bench mark.



January 1999 

5-6 

j) Indicate the depth and elevation of the upper boundary  of each successive soil 
strata. 
 

k) Describe the soil samples in order of: 
 

 1) Relative density or consistency (dense sand or hard clay). 
 

 2) Color (Brown or Gray). 
 

 3) Special adjective that is pertinent (varved or organic). 
 

 4) Geological origin of soil, if known (loessial or glacial till). 
 

 5) Textural classification according to the  Illinois triangular diagram,  with the 
 main portion in capital letters (silty, sandy CLAY).  
 

 6) If  a  core barrel is used to sample rock,   the word  (core)  in parentheses, 
  should follow the classification. 

 
 7) Other  items of importance;   such as,  hair cracks,  shells,  or  wood chips 
  should be indicated. 

 
l) Indicate   the   SPT   blow  count   (N-Value),   in  blows  per   305 mm   (12 in.) 

penetration. 
 

m) Indicate the Qu in kPa (tsf), to the nearest 1 kPa.  For a bulge type failure,  add 
the  letter B;  for a  shear type failure,  add the letter S;  for an estimated value,  
add the letter E; for a pp reading, add the letter P. 
 

n) Indicate the  moisture  content   [by  percent  of  oven  dry  mass (weight)] from 
laboratory analysis. 

  
o) Describe the rock cores as follows: 

 
 1) The standard size of the core barrel (BX or NX). 

 
 2) The core recovery ratio, %. 

 
 3) The rock quality designation (RQD), %. 

 
p) If  peat  or  rock  soundings  have been made in certain areas, the profile of the 

base  of the peat,   or top of rock should be  shown along a  centerline  of each 
pavement, within the improvement.   An additional sheet should be attached for 
these areas.   The sheet should show  profiles of rock surface,  or base of peat 
with the profiles oriented transverse to the centerline, of the improvement.   An 
addendum  should be provided to show the amount of estimated peat,  or rock 
excavation necessary, for the proposed improvement. 
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5.2.5 Foundation Boring Logs 

 
  For locations where borings have been made for the proposed structures, or for 

stability computations with respect to deep cuts or high embankments, the 
information  obtained  should  be summarized  on a boring log, as shown in Figure 
5.3.  The importance of the accuracy, completeness, and consistency of sampling, 
testing, and reporting procedures cannot be overemphasized.  Boring logs must be 
accurate for the designer to know the exact classification properties of the subsoil 
which impact the design.  The information must be complete, including all weak 
subsoil strata which affect the foundation.  Consistent descriptive nomenclature 
must also be used. 

 
  The field boring log is a form submitted by the field engineer (or geologist), to the 

geotechnical engineer in charge of preparing the Geotechnical Report.  In order to 
properly complete the standard boring log, on Figure 5.3, the physical properties 
and arrangement of the subsoil layers should be fully described on the field boring 
log.  The standard boring log should be typewritten and should contain the 
following information: 
 
a) Project or Structure Number, if known. 
  
b) Route. 
  
c) Section. 
  
d) County. 
  
e) Description of bridge, cut, or embankment. 
  
f) Station of bridge, cut, or embankment. 
  
g) Date the boring was completed. 
  
h) Name of the field personnel completing the log, and name  of the DGE (or the 

geotechnical consultant). 
  
i) Identification number for that particular boring. 
  
j) Station of boring, on route listed under Item b) above. 
  
k) Offset from centerline, of route listed under Item b) above. 
  
l) All the information required in Items g) to p) of Section 5.2.4. 

 
m) Surface water elevation should be indicated for all borings on shores of rivers, 

lakes, ponds and wetlands. 
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  The subsoil information under Item m) should be placed on the log with boundaries 
between the strata and all Qu and blows per 150 mm (6 in.) according to AASHTO 
T 206, plotted on the vertical scale [use 150 mm (metric) or use 6 in. (English) for 
each increment of depth].  Figure 5.3 shows a typical foundation boring log.  For 
reports prepared by consultants, the consultant’s name should be placed at the top 
of the sheet, instead of IDOT’s name.  A new sheet is required on each hole.  If the 
hole is deeper than 14 m (45 ft), the boring should be continued on a second log 
sheet. 

 
  It should be emphasized, that the descriptions and textural classifications for soils 

entered in a boring log are based on the split-spoon samples, and not on the soil 
that is augered out of the ground. 

 
 5.2.6 Geology and Pedology 
 
  The first step of any Geotechnical Report should be the examination of all pertinent 

available geologic and pedologic information.  Applications of geological and 
pedological knowledge provide the ground work for delineating types of earth 
materials, and potential problem zones.  The Geotechnical Report should include a 
discussion of the geology and pedology along the proposed alignment, and the 
associated engineering impacts.  See Section 1.1.2 - Pedological Maps, Section 
1.1.3 - Geological  Maps,  the  Bibliography,   and  Appendix I  for  obtaining 
information on Illinois geology and pedology. 

 
 5.2.7 Field Investigation 
 
  The field investigation section of the Geotechnical Report should include a detailed 

discussion of the soils encountered and the field conditions during the 
investigation.  The Report should indicate the date on which the field investigation 
was made, as well as information about any other investigation conducted.  
Climatic conditions during the investigation, and for at least the 3 months prior to 
starting of  the  investigation, and their effects on ground water  fluctuations should 
be summarized.  A general description of the terrain should be included, with 
special emphasis on drainage and erosion patterns.  Any conditions of high water 
and flooding, etc., which may have been noted during the investigation and might 
be of value in the design of bridges and culverts, should also be noted.  Also, the 
Report should present a brief discussion of the type of drilling equipment, used 
during the investigation, and the hammer type, drilling method and casing depth, if 
any; all with reference to applicable AASHTO standard methods/guidelines for 
conducting subsurface investigations. 

 
  General description of the soils encountered should consist of a summary of the 

soils and geologic conditions, which exist within the area of the proposed 
improvement.  Reference to the boring plan and soil profile, which provides the 
graphical record of the subsurface investigations, should be included in this 
section.  Guidelines for preparing the boring plan and soil profile sheets are 
provided in Section 5.2.4. 
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        ILLINOIS DEPARTMENT OF TRANSPORTATION 
             Foundation Boring Log    SHEET  1 of 1 
              District  Six  Materials     DATE  02/06/98 
 
            
ROUTE  FAP 91 (IL 16)  DESCRIPTION  IL 16 over Shoal Creek       CHECKED BY  M. Metcalf 
SECTION  18B-3   LOCATION SE 1/4, Sec.22, T 10 N, R 2 W of the 3rd P.M.      DRILLED BY  M. Tappan 
COUNTY  Montgomery  DRILLING METHOD  Hollow stem auger, Dry to - 7.5m then Washed 
STRUCTURE  NO   SN 068-0502 HAMMMER TYPE Automatic SPT hammer  
   
 
 
 
 Boring No. 1 S.Abt 
 Station  43+820        
 Offset  1.5 m Left    

 
 
 
Depth 

m 

 
Blows 

per 
150 

mm * 
  

 
 
 
 Qu 
kPa 

 
 
 
 W 
 % 

Surface Water Elev.  201.3 m  
Groundwater Elevation 

   First Encountered 200.1 m 
       At Completion    200.5 m    
       At   24   Hrs    200.9 m 

 
 
 
Depth 

m 

 
Blows 

per 
150 

mm * 
  

 
 
 
 Qu 
kPa 

 
 
 
 W 
 % 

Ground Surface El. 203.48 m 
V. Soft 
Brown and Gray 
V. Moist 
SILTY CLAY (fill) 
 
 
 
 
 
 
 
 
 
________________       201.4 
Soft 
Dark Gray, Moist 
SILTY CLAY 
 
________________        200.6 
Soft 
Gray, Moist 
CLAY 
________________        200.0 
Soft 
Gray, Moist 
CLAY (till) 
 
 
Brown and Gray 
 
 
 
 
________________        198.4 
Loose 
Gray, V. Moist 
Dirty Medium SAND 
 
________________        197.6 
Medium Dense 
Gray, Dirty, Medium 
SANDY GRAVEL 
Free Water 
 
________________         196.7 

   0 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
-1.5 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
-3.0 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
-4.5 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
-6.0 
 ___ 
____ 
 ___ 
____ 
 ___ 

 
 
 
 
 
 
 
 
1 
1 
1 
 
 
0 
1 
1 
 
 
1 
2 
3 
 
 
1 
2 
3 
 
 
1 
1 
2 
 
 
1 
2 
2 
 
 
1 
5 
7 
 
 
1 
5 
7 

 
 
 
 
 
 
 
 
 
50 
 B 
 
 
 
40 
 B 
 
 
 
65 
 B 
 
 
 
60 
 B 
 
 
 
60 
 B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
29 
 
 
 
 
33 
 
 
 
 
18 
 
 
 
 
19 
 
 
 
 
20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
V. Loose 
Light Gray, Clean, Medium 
SAND 
 
__________________     195.8 
V. Loose to Loose 
Light Gray, Clean, Medium 
SANDY GRAVEL 
 
 
 
 
 
 
__________________     194.3 
Medium Dense 
Gray, Coarse 
SANDY GRAVEL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gray, Medium 
SANDY GRAVEL 
 
 
__________________     190.5 
Gray 
Crystalline LIMESTONE 
 
Auger Refusal @ 190.7m 
Boring Completed 

-6.9 
 ___ 
____ 
 ___ 
-7.5 
 ___ 
____      
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
-9.0 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
-10.0 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
-12.0 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
____ 
 ___ 
-13.5 
 ___ 

 
 
 
 
0 
1 
1 
 
 
 
 
 
 
 
1 
4 
5 
 
 
 
 
 
 
 
5 
6 
7 
 
 
 
 
 
 
 
5 
6 
6 
 
 
 
 
100 
/51 
mm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Washed 
 
 
 
 
 
 
 
 
 
Washed 
 
 
 
 
 
 
 
 
 
Washed 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      -6.9  -13.8    
* AASHTO  T 206  Unconfined Compressive Strength (Qu) Failure Type: (B-Bulge,S-Shear, P-Penetrometer Test)  

 
Figure 5.3  Typical foundation boring log 
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  Foundation boring logs, discussed in Section 5.2.5, should also be included in the 
Report.  All laboratory test results obtained from the field soil samples, except for 
the Qu and moisture tests associated with stability borings, should be recorded on 
Form BD-508A, as shown on Figure 5.4  The required data should consist of 
particle size analysis, Atterberg limits, the Illinois triangular diagram textural 
classification, and the AASHTO M 145 classification (including the group index).  
The bearing ratio for subgrade samples should be included. 

 
 
 5.2.8 General Subgrade Conditions 
 
  The Geotechnical Report should include a separate section describing any 

treatments necessary to provide a stable platform for the construction and paving 
machinery.  All soil and subgrade recommendations must be specific to certain 
locations (stations), lengths, depths, and types of treatment that the designer can 
use to calculate plan quantities.  General, or vague, recommendations are not 
acceptable. 

 
  The subgrade support values, plotted on the SSR chart for each individual soil type 

identified along the alignment, must be included on Figure 5.5.  Results of IBR 
values should also be discussed.  Results of soil tests for each sample, collected 
during the soils investigation, should be documented on Form BD-508A. 

 
  Drainage conditions should be described according to one of the drainage classes 

discussed in Section 3.1.4.  Drainage information can also be obtained from the 
project specific County Soil Survey  (published by USDA/SCS).  Locations of frost-
susceptible materials, and remedial measures should also be addressed.  A 
summary of this information and other subgrade test data is recorded on Form BD- 
507A, as shown on Figure 5.6.  Completion of this form will be determined by the 
DGE.  This form should be inserted in an appendix of the Geotechnical Report.  
See Section 4.1.2 for additional information on design recommendations for 
subgrade treatment. 

 
 
 5.2.9 Slope Stability Analysis and Results 
 
  Results of the slope stability computations should be included in the Geotechnical 

Report, as well as a summary of the computations, indicating the parameters 
employed in making the computations.  Testing methods and test data should be 
included in an appendix.  Recommendations regarding the slopes, maximum depth 
of cut, or height of embankment should be clearly discussed in this section of the 
report.  See Section 4.2 for minimum FOS and Section 4.2.1 for remedial 
treatments of embankment stability.  Also, see Section 4.3 for minimum FOS and 
improvement of cut slope stability.  As mentioned in Section 3.2.3.1, all stability 
analyses should be based on the field Rimac Qu, or the lab Qu data from the 
Shelby tube samples.  No stability analysis is to be made on the basis of the pp 
data. 

 
 

 
BD-508A 
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STATE OF ILLINOIS 
 

DEPARTMENT OF TRANSPORTATION 
 
 

 
STATE JOB NUMBER              ROUTE      FAP 310         PROJECT 
 
SECTION       60-12               CITY OR COUNTY        Madison 
 
 
 
Lab. No. 497A 497B 507D 
Station 23+500 23+500 24+500 
Location 3m rt.of c.l. 3m rt.of c.l. 10m lt. of c.l. 
Depth .5m (1.6 ft) 1m (3.3 ft) .5m (1.6 ft) 
AASHTO M 145 
Classification and Group Index 

 

A-4(1) 
 

A-7-6(23) 
 

A-6(15) 

Illinois Textural Classification 
(Illinois Method) 

 

Silt 
 

Silty Clay 
 

Silty Clay 

Graduation-Passing 1” Sieve % 100 100 100 
Graduation-Passing 3/4” Sieve % 100 100 100 
Graduation-Passing 1/2” Sieve % 100 100 100 
Graduation-Passing No. 4 % 100 99.8 100 
Graduation-Passing No. 10 Sieve % 99.9 99.8 100 
Graduation-Passing No. 40 Sieve % 99.8 99.8 99.9 
Graduation-Passing No. 100 Sieve % 98.2 99.2 99.3 
Graduation-Passing No. 200 Sieve % 97.6 98.9 99.0 
Sand %  (AASHTO T 88) 2.39 1.08 0.96 
Silt %  (AASHTO T 88) 82.03 67.2 68.7 
Clay %  (AASHTO T 88) 15.58 31.8 30.3 
Liquid Limit %  (AASHTO T 89) 24 42 36 
Plasticity Index %  (AASHTO T 90) 2 21 14 
IBR %  (Illinois Method)    
Standard Dry Density % 
(AASHTO T 99) 

   

Optimum Moisture %  (AASHTO T 99)    
 
REMARKS: 
 
 
 

Figure 5.4   Typical soil test data (Form BD-508A) 
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Figure 5.5  Subgrade Support Rating (SSR Chart) 
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STATE OF ILLINOIS 

DEPARTMENT OF TRANSPORTATION 
DIVISION OF HIGHWAYS 

 
 

STATE JOB NUMBER  P98-014-94     PROJECT                    ROUTE    FAP 310 
 
SECTION    60-12          CITY OR COUNTY    Madison            DATE 
 
ADT  1000      YEAR  1996     DESIGN PERIOD  20 year     CLASS HIGHWAY  Major 
 
PASSENGER CARS PER DAY  7000    TRUCKS S.U. PER DAY  700   
 
TRUCKS M.U. PER DAY  600 
 
PAVEMENT STRUCTURE: 
 
TYPE BASE COURSE  Bituminous Surface Course    THICKNESS  38 m 
 
TYPE SUB-BASE MATERIAL  Lime Modified Soil         THICKNESS  300 m 
 
 
Sta. to Sta. 20+000 to 

24+000 
24+000 to 
25+000 

25+000 to 
26+500 

26+500 to 
30+000 

Sta. of Test  * Fill 23+500 24+500 28+500 
Drainage Class  * Good Fair Fair Fair 
Ave. of Frost 
Penetration  * 

 

600 m (24 in.) 
 

600 m (24 in.) 
 

600 m (24 in.) 
 

600 m (24 in.) 

Illinois Textural 
Classification 
(Illinois Method) 

  
SiCl 

 
SiCl 

 
SiCl (Shaley) 

AASHTO M 145 
Classification and 
Group Index 

  
A-4(8) 

 
A-6(10) 

 
A-6(8) 

Percent Silt  * 
(AASHTO T 88) 

  

63 
 

57 
 

61 

Std. Dry Density 
(AASHTO T 99) 

 1699 kg/m3 1714 kg/m3 18183 kg/m3 

IBR %  * 
(Illinois Method) 

 

6.0 
 

3.0 
 

3.0 
 

2.6 

Optimum Moisture % 
(AASHTO T 99) 

  

16.5 
 

17.3 
 

14.5 

* Indicates worst condition within the above station limits 
REMARKS: -------------------------------------------------------- 
 

Figure 5.6  Typical summary report on pavement, base and sub-base design (Form BD-507A) 
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 5.2.10 Settlement Analysis and Results 
 
  Estimated settlement, and the rate of consolidation should be included in the 

Geotechnical Report.  A summary of the computations should also be included in 
the report, indicating the parameters used in the computations.  Data from 
laboratory consolidation tests should be included in an appendix.  See Appendix IV 
for settlement analysis, and Section 4.2.2 for remedial treatments of excessive 
settlements. 

 
 5.2.11 Foundation Recommendations 
 
  Geotechnical Reports prepared by consultants should include foundation 

recommendations for bridges, culverts, retaining walls, and traffic structures, when 
required.  Discussions of the analysis, as well as a summary of the computations, 
indicating the parameters employed in making the computations, should be 
included.  Any treatment recommendations; such as removal of soft soils and 
replacement with select material or changing the foundation type, should be based 
on laboratory consolidation data; not on the basis of assumed soil parameters.  
See Section 3.2.4 for foundation analysis, and Section 4.7 for design 
recommendations. 

 
  Reports prepared by the Districts will not include a Foundation Recommendations 

Section.  Structure foundations, for in-house projects, are completed and 
documented by the BBS office. 

 
 5.2.12 Construction Monitoring 
 
  Geotechnical instrumentation can be used to characterize initial site conditions, 

verify design assumptions, and/or monitor the effects of construction.  Depending 
on the complexity of the project, instrumentation may vary from inclinometers, 
extensometers, piezometers, strain gages to even less sophisticated devices; such 
as, settlement platforms.  Common parameters, monitored by the instrumentation, 
are pore water pressure, slope and foundation deformations, and loads on tiebacks 
or rock bolts.  If monitoring is recommended, the Geotechnical Report should 
identify which parameter requires monitoring, the frequency of monitoring and 
locations (stations). 

 
 5.2.13 Special Conditions 
 
  As mentioned in Section 4.11, special conditions such as presence of mines, local 

sinkholes, solution cavities, caverns, and seismic activities, should be mentioned in 
the Report.  Erosion control issues discussed in Section 4.5 should be addressed 
in the Report. 

 
  Locations and limits should be clearly described in the report, and illustrated on the 

boring plan and soil profile sheets.  Specific recommendations concerning the 
problem locations, and provisions for contract plans should also be addressed, if 
necessary.  
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CHAPTER 6 
 

GEOTECHNICAL ENGINEERING FOR 
CONSTRUCTION 

 
 
 
6.0 INTRODUCTION 
 

 In addition to the work of soil engineering carried on during the planning and design stage, 
consideration must be given to soil problems which may arise during construction.  Also, 
checks must be made to determine whether or not soil conditions encountered in 
construction correspond to those visualized in the original design.  Of particular 
importance are:  

 
 • Control of the embankment construction, as well as placement of any special backfill. 
 

 • Inspection of the subgrade before placing any components of the pavement structure. 
 

 • Control of any soil stabilization process that may be specified. 
 
 Whether or not these duties are carried out specifically by an engineer with training and 

experience in the soils field, they have soil engineering implications.  Proper performance 
of the finished improvement depends on the early recognition of possible problems and 
the utilization of soils personnel to advise, as necessary, in the prevention of detrimental 
situations. 

 
 The purpose of this chapter is to:  1) broadly describe the area of responsibility of the 

DGE, or his/her field inspection personnel; 2) delineate some of those construction 
problems directly related to the soils in subgrades,  embankments,  and structures;  and 3) 
describe the characteristics by which the problems may be recognized.  It is also the intent 
of this chapter to serve as an informative reference material, for the RE to be aware of 
such possible soil problems.  The DGE should ensure that such information reaches the 
RE, through proper communication.  Written communication on critical issues is important. 

 
 
6.1 EMBANKMENT CONSTRUCTION 
 

 The exercise of control over embankment construction is a necessity recognized by all 
road building agencies.  It is essential that the RE and the embankment inspectors 
thoroughly understand the importance of ground preparation, compaction and stability, to 
assure that construction is in compliance with the Standard Specifications. 

 

 Present day embankment construction proceeds more rapidly than in the past.  In many 
cases, pavements are placed upon embankments that are completed during the same 
construction season.  It is necessary that accurate and timely density determinations be 
made, as construction proceeds, to ensure that the specified density is obtained.  Tests 
should be made in a manner to interfere as little as possible with the construction 
progress.   The  minimum  number  of  density  tests  required are stipulated in the current 
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 IDOT PPG.  However, if specification compliance is obtained with the minimum required 
testing, extra check tests are often necessary.  Close observation of the contractor’s work, 
and the performance of equipment on the grade is just as important as testing.  The RE 
and the embankment inspectors must read and thoroughly understand the following 
documents: 

 
 • The Standard Specifications. 
 
 • IDOT’s Construction Manual. 
 
 • The Geotechnical Report that has been prepared for the improvement. 
 
 • IDOT’s SSM and this Chapter. 
 
 • All Special Provisions and general plan notes pertaining to earth work and  

geotechnical concerns. 
 
 Though it is not the intent of this manual to quote from the Standard Specifications, the 

following comments are considered particularly relevant:  “When embankments are to be 
constructed on hillsides or slopes, or existing embankments are to be widened or included 
in new embankments, the existing slopes shall be plowed deeply.  If additional precautions 
for binding the fill materials together are justified, steps shall be cut into the existing slopes 
before the construction of the embankment is started.” (Article 205.04.) 

 
 Generally, the contractor should have little difficulty in obtaining satisfactory densities.  

Should the field moisture be considerably below OMC, it may be impossible to satisfy 
density requirements without the addition of water.  Conversely, if the soil is considerably 
wet of optimum, it may also be impossible to obtain the required density without 
processing and aeration, or the use of a drying agent such as lime. 

 
 Compaction to the specified density is intended to accomplish two purposes.  First, it 

provides the shear strength necessary to resist failure under the applied stresses. Second, 
adequate density packs the soil grains in such close contact that embankment 
consolidation settlement is minimized.  Embankment settlement will occur because of its 
own mass (weight), or because of structural loading. 

 
 Cohesive soils and fine grained silty soils are often troublesome.  On the dry side of 

optimum, cohesive soils can display excellent shear strength during construction.  If left 
below target density, these soils will become much weaker upon saturation, at some later 
time.  Soils compacted on the wet side of optimum may achieve target density, but the 
shear strength will be less than that at optimum. 

 
 If the moisture content is too high, and compaction efforts are continued without aeration 

and moisture reduction; the flake shaped clay particles tend to orient themselves parallel 
to each other, rather than in a random single grain relationship.  While this orientation may 
result in some slight density increase, it also results in a reduction in the soil shear 
strength.  Thus, a soil with moisture content considerably wet of optimum should be dried 
back, prior to compaction. 

 
 Silty soils of very low plasticity, for all practical purposes, develop no cohesive bond 

between the grains.  They achieve their load carrying ability from their angle of internal 
friction, and the contact pressure between the soil grains.  These soils are particularly 
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sensitive to excess soil moisture.  When silty soils are compacted wet of optimum, without 
adequate aeration, they may become “pumpy” to the point that the grade is completely 
unstable. 

 
 Regular inspection of the embankment should include:  1) detection of bulging side slopes; 

2) cracks at the top or on the sides of the slopes; 3) heaves at the toe of slope; and 4) any 
movement adjacent to structures, or distress within the same.  Evidence of movement or 
incipient failure should be reported to the DGE. 

 
 Special precautions should be taken with embankments in excess of 3 m (10 ft) in height.  

Different soil types should be blended.  Since haul roads cut into the side of embankments 
are frequent sources of subsequent sliding, haul roads should ideally be constructed 
outside the confines of the embankment.  Good compaction is essential on the 
embankment slopes.  This can best be accomplished by building the slopes slightly wider, 
and then trimming to the cross section template. 

 
 
6.2 BORROW AND EXCAVATION MATERIALS 
 
 As per the Standard Specifications, “Borrow excavation shall not be placed in the 

embankment until the site location, excavation plan, and material have been approved by 
the Engineer in writing.”  The material must be tested and approved by the DGE.  The 
location must be bored or excavated with a backhoe (or other approved method) to collect 
samples of the soil horizons for testing.   This  should  be  done  at least 2 weeks prior to 
the placement of any material, to allow time for the appropriate tests to be conducted on 
the soil horizons encountered. 

 
 The proposed borrow material to be used in the top 600 mm (24 in.) of subgrade should 

meet the permissible limits in Table 6-1.  Materials that do not meet the permissible limits 
in Table 6-1 should  be confined  to  the embankment core,   encompassed by a 600 mm 
(24 in.) cover material, which meets the testing requirements. 

 
 Any new soil encountered in the borrow pit during construction (that has not previously 

been tested) must be subjected to the tests in Table 6-1, and meet the permissible limits in 
the Table. 

 
 Excavation materials result from roadway excavation (cut sections), ditch and channel 

change excavation, excavation for structure foundations, and excavations for utility 
installations.  All of these materials may be suitable for use in embankment construction. 

 
 Available soils should be collected for the required testing (Table 6-1) during the 

geotechnical investigation.  The results should be included in the Geotechnical Report for 
embankment construction use.  Every effort should be made to have all tests completed, 
for the major soil types expected to be used in embankment and subgrade construction, 
before   construction   begins.    The  borrow  soil  proposed  for  the  top  600 mm  (24 in.) 

 
 subgrade should be tested for IBV and/or IBR, depending on the design objectives.  For 

materials to be placed within the embankment core, 600 mm (24 in.) below the subgrade 
surface, the material shall:  1) have 1,450 kg/m³ (90 pcf) minimum SDD; 2) not have more 
than 10 % organic content; and 3) if a coal combustion by-product (CCB) is proposed as a 
borrow material, it shall not contain more than 5 % SO3. 
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Table 6-1 
Requirements of Borrow Soils for the Top 600 mm (24 in.) Subgrade. 

 

REQUIRED TEST AASHTO METHOD PERMISSIBLE LIMIT 

SDD (at OMC) T 99 (Method C) 1,450 kg/m3 (90 pcf) min. * 

Organic Content T 194 10 % max. 

Percent Silt and Fine Sand T 88 65 % max. ** 

PI T 90 12 % min. ** 

LL T 89 50 % max. 

Shear Strength (c) 
at 95 % SDD 

 

T 208 or T 234 
 

50 kPa (1,000 psf) min.*** 

SO3 **** ASTM C 618 5 % max. 

 
 
 * As per Standard Specifications. 
 ** Frost susceptibility criteria. 
 *** For engineered embankments which are 4.5 m (15 ft) in height or greater. 
 **** Only for CCB. 
 
 
 If CCB is proposed as a borrow material, the DGE must be familiar with Section 3.94 of 

the January 1996, Environmental Protection Act, regarding the rules and conditions of 
using CCB beneficially.  A copy of Section 3.94 of the Act may be obtained from BMPR’s 
Geotechnical Engineer; or from the Bureau of Land, Illinois Environmental Protection 
Agency. Also, a minimum 0.6 m (2 ft) of earth must cap the CCB, according to the 
Standard Specifications.  This will provide better erosion protection than the 0.3 m (1 ft) of 
cover required by the Environmental Protection Act, and will provide better support for the 
growth of vegetation. 

 
 If reclaimed asphalt pavement (RAP) is proposed as a borrow, it must not contain 

expansive aggregate (such as zinc or steel slag), to avoid problems with swelling.  A 
minimum 0.6 m (2 ft) of earth must cap the RAP, according to the Standard Specifications. 

 
 
 
 
 
 
 
 
 



January 1999 

6-5 

6.3 COMPACTION AND DENSITY TESTING 
 

 All density tests must meet the minimum specification requirements.  If a test does not 
meet the requirements, additional work must be done.  No additional earth placement 
should be permitted until the failed area is retested and approved by the Engineer. 

 

 As per the Standard Specifications, “The density of the compacted embankment will be 
determined by the Engineer at regular intervals according to AASHTO T 191, or AASHTO 
T 238 and T 239, or by other methods approved by the Engineer.”  It is not the intent of 
this chapter, to detail the specific methods of density testing (See Chapter 2). The 
embankment inspector or the RE should be trained to properly conduct the field density 
test. 

 

 The embankment inspector should constantly bear in mind that soils do vary from point to 
point, even in areas where they appear to be rather geologically uniform.  Therefore, 
she/he must observe changes in the material used in the embankment, to properly select 
the moisture-density control curve for use in computing the percent of compaction. 

 

 One of the difficult tasks for an embankment inspector is to identify the soil being tested 
for density, and select the correct moisture-density control curve.  One of the more 
accurate methods is to collect a sample of the soil from the location being tested and run a 
one-point Proctor test (AASHTO T 272), as described in Section 2.3.5.2. 

 
 
6.4 PLACEMENT OF BACKFILL 
 

 The manner of embankment construction adjacent to structures is important. Even the 
casual observer cannot help but notice that the settlement of pavement placed on backfills 
over culverts, or adjacent to bridges and retaining walls is one of the most frequent defects 
to occur in highway construction.  The settlement, generally, occurs long after the final 
payment has been made on the contract. 

 

 It is unfortunate that the problem of working in a confined space should occur, where the 
need for a good fill is greatest.  The cramped working space, the relatively small volume of 
fill involved, and the backfill material locally available are contributing factors for improper 
backfilling.  It is the purpose of this section to demonstrate the importance of the backfill, 
to point out the reasons for specified backfilling procedures, and to show some 
construction practices that should be avoided. 

 
 
 6.4.1 Importance Of Backfill Characteristics 
 

  6.4.1.1 Earth Pressure 
 

   It is helpful to understand the factors affecting the earth pressure on a 
wall, to appreciate the importance of the backfill.  Figure 6.1(a) shows the 
earth pressures and resultant forces acting on a 4.5 m (15 ft) high wall, 
for 3 different backfill materials:  dense sand or gravel, loose sand or 
gravel, and a soft wet clay or silt.  The latter two cases being inadequately 
compacted.  If the wall has been designed for the force exerted by dense 
sand or gravel (with a reasonable FOS), it may overturn if subjected to 
the forces exerted by soft, wet clay or silt. 

 
   The results of similar computations for a 9 m (30 ft) high wall are shown in 

Figure 6.1(b).  All the pressures are much greater than they were for the 
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low wall.  These diagrams should be sufficient to indicate the importance 
of using the right kind of backfill for which the wall was designed, and 
placing it correctly. 

 
 
 

DENSE SAND                  LOOSE SAND               SOFT, WET CLAY or SILT 
 

50 kN/m
(1.7 ton/ft)

80 kN/m
(2.7 ton/ft)

160 kN/m
(5.6 ton/ft)

    
 

(a)  4.5 m (15 ft) Wall Height 
 

200 kN/m
(6.8 ton/ft)

310 kN/m
(10.8 ton/ft)

640 kN/m
(22.5 ton/ft)

    
 

(b)  9 m (30 ft) Wall Height 
 

         Figure 6.1.  Resultant forces acting on 4.5 and 9 m high retaining walls for 3 different backfill materials. 
 
 
 
  6.4.1.2 Strength and Compressibility 
 
   In order to reduce pressures against the wall, a granular backfill should 

be dense, and a  cohesive backfill should be very stiff.  Otherwise, in 
addition to excessive wall pressures, it will settle after it is placed.  A low 
compressibility backfill is as important as a high shear strength backfill.  
Fortunately, high shear strength and low compressibility usually go hand 
in hand.  If nothing of importance is to be constructed above the retaining 
wall, perhaps the settlement will not be important.  If the backfill is to 
support  a  railroad  track,   a highway,   or a building,   settlement  will be 

   undesirable.  The frequent bump in a concrete highway as the pavement 
reaches the bridge, develops because the pavement has settled.  In most 
cases, such settlement is attributed to the improper compaction of the 
backfill, or because the soil under the embankment was soft and 
compressible. 



January 1999 

6-7 

 
   Settlement behind bridge abutments has become so common that the 

designers of highway bridges frequently include an approach slab; which 
is a heavily reinforced slab resting partly on the abutment, and partly on 
the approach fill.  The slab is supposed to bridge over the space left 
under the slab, by settlement of the backfill.  Many times, the soil under 
the entire approach slab has settled; and the bump is still there, although 
it is spread over a greater length. 

 
 
 
  6.4.1.3 Drainage and Selection of Materials 
 
   A retaining wall or an abutment is not designed as a dam, otherwise, it 

would be much stronger and more expensive.  A common design practice 
equates the lateral push of the soil against the retaining wall to a 
hydraulic fluid, described as equivalent fluid pressure, which translates 
into an equivalent earth unit weight.  The equivalent earth unit weight 
depends upon wall height, type of backfill, and steepness of retained 
slope.   This  unit  weight  ranges  from  5.5 kN/m³  to  9.4 kN/m³ (35 to 60 
pcf). 

 
   To avoid excess pore water pressure behind the wall, the backfill should 

be a material that can be drained, and a drain should be provided to allow 
unbalanced fluid pressures to dissipate.  The best backfill materials are 
broken stone, gravel, and sand.  These materials are best, not only 
because of their drainability, but also because of their high angle of 
internal friction, which contributes to their shear strength.  These 
materials are more easily placed and compacted than the fine grained 
soils and have low compressibility, if properly placed.  Silty or “dirty” sand  
is less desirable because of the reduced permeability, the increased 
difficulty in obtaining compaction, and a lower shear strength associated 
with a lower angle of internal friction.  With fine grained cohesive or silty 
soils, increased care in placement is a necessity to obtain density; 
otherwise, excessive forces can be exerted on the wall.  Drainability of 
cohesive backfill materials is difficult, if not impossible, and requires the 
inclusion of special drainage features behind the wall. 

 
   A cohesive backfill is least desirable, not only due to problems with 

drainage, but also due to volume changes caused by cyclic wetting and 
drying with time.  Compaction of these materials in a confined area is 
difficult.  Inadequate compaction results in excessive settlements and wall 
distress. 
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 6.4.2 Construction Problems And Effective Inspection 
 
  A successful contract requires the combined efforts of a competent contractor and 

good inspector.  Even the best of contracts will encounter opportunities to develop 
problem situations, in the absence of attention to details. 

 
  The Standard Specifications require the embankment and backfill materials be 

compacted in layers, not to exceed 200 mm (8 in.) thickness.  Uniform distribution 
of the layer is not easily accomplished, and in the absence of good distribution, 
mounds up to 600 mm (24 in.) may inadvertently be included.  Inadequate 
compaction of such thick spots is inevitable, and can result in a spongy 
embankment. 

 
  An area very sensitive to construction problems, is the backfill adjacent to 

corrugated metal pipe culverts.  These are multiplate structures that derive their 
stability from the backfill on both sides.  The good performance of a multiplate 
structure requires uniform backfill placement on both sides of the structure, and 
proper compaction.  Operation of heavy equipment too close to the sides and 
above the springline (line of maximum horizontal thrust) can deflect the multiplate 
structure; causing a reversed arching action which could result in distress or 
failure.  Culverts are prone to have an accumulation of soft, saturated soil adjacent 
to the base of the walls. If the accumulated volume of these soft materials is 
sufficient and is not cleaned out, its semi-liquid consistency will result in high 
equivalent earth mass (weight) pressures at the base of the wall. 

 
  Backfill under the haunches of pipes, along side of culverts, and in back of 

retaining structures will frequently require the use of hand tamping equipment.  The 
use of large equipment is understandably desired by contractors, and will be 
employed wherever possible for economic reasons.  In sensitive areas adjacent to 
structures, hand operated compactors (though much lower in productive capacity) 
are better suited to perform the necessary compaction, without overstressing the 
structure   walls.    Similarly,   cold   weather   construction  may   obscure the  true 
character of soft soil along the base of wall, due to its frozen state.  The inclusion 
of frozen soil in backfilling may, at the time of placement, appear entirely stable 
and very satisfactory.  However, the spring thaw may cause structural distress and 
settlement of the adjacent embankment.  For this reason, the Standard 
Specifications do not allow the use of frozen soil as a backfill. 

 
  The inspector must remember that close inspection compliance with the Standard 

Specifications, and insistence upon acceptable materials are essential for backfill 
operations. 
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6.5 SUBGRADE CONSTRUCTION AND SUBGRADE STABILITY 
 
 Subgrades could be at the top of an embankment section, at the existing ground surface, 

or at the bottom of a cut section.  The subgrade at the top of an embankment section 
should be at a favorable moisture and density, since both have been controlled during the 
embankment construction.  Conversely, the subgrade at or below the existing ground 
surface is greatly affected by the in situ soil conditions. 

 
 An exposed cut should be examined, as soon as possible, after it has been opened up.  

This is especially important in order to determine whether conditions are essentially similar 
to those predicted in the Geotechnical Report.  The most thorough soil survey gives 
specific information only at point locations.  Careful examination of the excavation is 
helpful in delineating unsatisfactory foundation or drainage conditions that will require 
correction.  Of special importance are the presence of any weak foundation materials 
(those that are weaker than originally anticipated) and materials that differ significantly 
from the adjacent material, with respect to frost susceptibility.  If the inspection reveals 
excessive seepage into the cut, it is almost certain that problems of instability (often 
including frost action) will result in a rapidly deteriorating  pavement and/or slopes, unless 
special corrective measures are taken. 

 
 The stability of an earth subgrade is of particular importance for the construction and 

performance of the proposed pavement structure.  The engineer should make  a careful 
inspection and evaluation of the entire subgrade for stability, prior to placement of the 
pavement structure. 

 
 The stability of the subgrade can be easily evaluated by observing the amount of 

deflection, and/or rutting taking place under the wheels of heavy construction equipment.  
Areas of low support or soft spots should be tested, with either a SCP or DCP, and the 
results evaluated according to IDOT’s SSM, to determine the necessary depth of 
corrective action. 

 
 The SSM provides the requirements for subgrade stability.  An analysis of equipment 

sinkage and soil compaction operations has indicated that a minimum IBV of 6 % is 
required, to limit rutting depth to 12.5 mm (1/2 in.).  If the IBV is less than 6 %, remedial 
measures are necessary.  If the IBV is 6 % to 8 %, subgrade treatment is optional; and if 
the IBV is greater  than  8 %,  no treatment is required.   The DCP or the SCP described in 
Sections 2.3.8 and 2.3.9, respectively, are used to determine the thickness of subgrade 
treatment.  The DCP’s PR is converted into an IBV, by using the IBV vs PR correlation in 
Figure 6.2 (a) or (b).  

 
 This figure is based on the South African Charts (Mauer and deBeer, 1988).  The IBV is 

then entered into Figure 6.3 to determine the thickness of subgrade treatment, if needed.  
For the SCP, the cone index is entered into Figure 6.3 to determine the thickness of 
subgrade treatment. 

 
 The  remedial  procedures  are  discussed  in  Sections  4.1.2.  and  4.2.   Also, refer to 

the SSM. 



January 1999 

6-10 

 
 
 
 
 
 
 
 
 

1 10 100
1

10

100

Penetration Rate, PR, mm per blow - Log Scale

 IB
V,

 %
 - 

Lo
g 

Sc
al

e

 
 

IBV = 405.3 ÷ [PR (mm/blow)]1.259 
 
 
 
 
 
 
 

Figure 6.2 (a)  DCP’s PR Values vs. IBV in SI units 
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Figure 6.2 (b)  DCP’s PR Values vs. IBV in English Units 
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2 4 6 8 97531

125 (5)

250 (10)

375 (15)

500 (20)

SUBGRADE IBV, %

40 80 120 160 200 240 280 320 360

CONE INDEX

Remedial Procedures Required Remedial
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Figure 6.3  Thickness design as a function of IBV for granular backfill and lime modified soil remedial action 
                              (from SSM) 
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 If deep undercut or excavation is necessary to remove a peat bog, several removal and 

replacement methods are discussed in Section 4.2.1.  In some cases, when the 
excavation must be carried out under water, it is essential to probe the bottom of the 
excavation continually, to determine if all organic material has been removed.  Probing can 
be accomplished on a boat or raft.   In dry excavation, the bottom of the trench can be  

 directly inspected.  In all cases, inspection should be made to ensure that all organic 
material has been removed, before the backfill is placed. 

 
 Sometimes, it is difficult to determine precisely where the boundary of stable mineral 

matter exists, since marl is often found beneath the organic peat.  This material, when 
disturbed, frequently has the appearance of being extremely soft and unstable.  This 
condition is especially notable when the material has been disturbed during the excavating 
process.  In the undisturbed condition, however, it might be quite satisfactory as a 
foundation material for the backfill. The field engineer must exercise considerable 
judgment, to avoid over excavation which will increase construction costs. 

 
 Lime treatment consists of either modification or stabilization, by treating the soil with 

hydrated lime or lime by-products, as discussed in Section 4.1.2.4.  The specific details for 
lime modification and lime stabilization are in the Standard Specifications. 

 
 Equipment requirements for soil-lime construction are nominal.  Normally, the lime can be 

spread by the bulk delivery tanker.  If the soil is very wet, special techniques such as a 
dozer towed trailer dolly or a high flotation tired, spreader truck may be needed.  Although 
rotary mixers (tillers) are desirable, disking has been satisfactorily used for lime 
modification construction.  Conventional compaction equipment is used in all soil-lime 
construction. 

 
 Lime treated soil layers up to 350 mm (14 in.) in thickness have been constructed in one 

lift on some projects in Illinois.  Conventional rotary mixers can readily handle lifts up to 
approximately 300 mm (12 in.).  However, special procedures and/or deep plowing may be 
needed to construct thicker layers. 

 
 Control of the compaction moisture and density is another alternative for improving the 

subgrade.   However,  this  alternative  has not been recognized as part of the 300 mm (12 
in.) “Improved Subgrade” required in the MPD policy.  Since the purpose of the “Improved 
Subgrade” is to provide a stable platform under construction equipment, controlling the 
subgrade moisture could significantly increase its IBV (to at least 6 %) and provide the 
required stability.  This option of moisture control could result in significant cost savings on 
many projects.  Project specific soil conditions should be evaluated by the DGE to 
determine what treatment, if any, is needed to provide a stable working platform. 

 
 The decision for the type of improvement of the upper 300 mm (12 in.) of the subgrade is 

not always readily apparent and will depend upon; whether the area is urban or rural, the 
soil reactivity with lime, the size of the area to be improved, and overall economics.  
Because of the several choices for corrective treatment, District Materials and Design 
personnel should be notified. 
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6.6 SPREAD FOOTING INSPECTION 
 
 The use of spread footings is a design option available to the structural designer, when the 

boring data indicates the presence of foundation material of such density or strength that 
no deep foundation treatment is necessary. 

 
 When the excavation for a spread footing is made to the design footing elevation, the DGE 

should be at the site to inspect the excavation, and establish by testing, as necessary, 
proof that the foundation materials are satisfactory. 

 
 In general, the Qu of the in situ foundation material, at the design footing elevation, should 

be determined and checked against the design value.  A pp is normally acceptable to 
check the in situ Qu.  However, if the Qu values from the pp are questionable (too low or 
too high), it is advisable to collect samples for field (Rimac) or lab Qu testing. 

 
 Situations arise, from time to time, when the foundation boring does not adequately 

describe foundation conditions.  For example, if the foundation material is bedrock, it may 
be encountered above or below the planned footing elevation; or it may be sloped or 
stepped in a manner that the contract plans could even require modification to fit the field 
conditions.  When the foundation material is soil, it may prove weaker than anticipated, or 
perhaps, the competent layer is deeper than the foundation borings indicated.  If the 
excavation requires deepening, proceed with caution, removing only as much material as 
necessary to satisfy design requirements.  If the excavation must be deepened more than 
600 mm (24 in.), the BBS should be advised, since design modifications may be required.  
The excavated, weak material should be replaced by a coarse, clean, crushed stone or 
gravel.  Experience has shown that a footing excavation deeper than 1.8 m (6 ft) is more 
costly than piling, except when the piles are less than 3 m (10 ft) in length. 

 
 If the elevation of the footings is below the ground water elevation, water may seep into 

the excavation.  The water will seep from the sides and bottom of the excavation.  Water 
should not be permitted to pond on the foundation soil.  Depending on the nature of the 
materials,   seepage  water  may  be  collected  in  sumps  and  pumped  out.   Under less 

 
 common conditions, water may be drawn down by the use of a well point system.  Once 

the excavation has been advanced (as required) to expose competent foundation material, 
it is desirable to proceed immediately with the footing construction.  Delays in doing so 
could result in softening of the foundation material by moisture changes or ponded water.  
This commonly occurs with clayey shale.  Ponded water would also require further 
dewatering measures.   If faced with unanticipated delays,  the  pouring of a ± 300 mm (12 
in.) thin concrete seal coat over the footing material is recommended.  This alternative is a 
protection measure against further exposure and deterioration. 

 
 
6.7 PILE INSPECTION, DRIVING AND TESTING 
 
 The Construction Manual and the Standard Specifications contain the necessary 

information for properly inspecting the various types of piles.  Pile types are briefly 
discussed in Section 3.2.4.2. 
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 Piles display a considerable variety of sizes, shapes, and materials; to suit many special 
requirements and economic considerations.  In general, the pile’s material composition will 
place limitations on the allowable loads, and the methods of handling and construction. 

 
 Pile derivability depends, among other factors, on the load transfer method between the 

pile and soil.  The methods by which the pile transfers the structural load to the underlying 
soil, or soil and rock strata are:  side resistance, point bearing, and a combination of the 
two.  Friction piles are driven into the soil mass until side resistance between the pile 
surface and the soil, can support the load.  Point bearing piles are driven to bear upon a 
highly resistant stratum, such as hardpan or bedrock, to derive their bearing.  In all 
situations, a pile will develop some combination of the two, though one method will 
commonly dominate. 

 
 
 6.7.1 Pre-Drilling For Pile Driving 
 
  Pre-drilling is most commonly used for pile placement through embankments, 

when negative skin friction on the pile is anticipated due to embankment 
settlement.  In this case, the full pile capacity is derived from the underlying strata.  
Also, occasionally, pre-drilling is necessary to drive a pile through obstructions; 
such as, timbers, boulders, or hard lenses of material. 

 
  The hole size depends upon the size and shape of the piling, and the soil 

conditions.  It should be large enough to permit driving, but small enough so the 
pile will be firmly and solidly supported against lateral movement.  The pre-drilled 
hole diameter should be equal to or slightly larger than the diagonal or diameter of 
the piling.  When the pre-drilled hole is larger than the pile, the annulus around the 
pile should be filled with loose sand. 

 
 
 6.7.2 Test Piles 
 
  Test piles are driven to 150 % of the total design bearing capacity.  The test pile is 

ordered 3 m (10 ft) longer than the estimated design length.  The production piles 
for the structure are ordered after a careful review of the test pile record and the 
foundation borings. 

 
  Should there be any questions concerning the ordering of the piles, their driving 

characteristics, or any pile problems; the DGE and the BBS should be called upon. 
 
 
 6.7.3 Interpretation of Boring Logs 
 
  A reasonable understanding of the physical characteristics of underlying strata is 

necessary for the proper design of a pile supported structure.  This information is 
provided in the foundation boring logs.  Just as the designer has relied on the 
boring logs for determining the type and length of the foundation piles, the RE or 
the DGE can also rely on the boring logs for an insight on how the piles may 
behave during the driving operation. 
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  Inconsistencies in the underlying soil conditions may result in adjacent boring logs, 
of perhaps only 15 m (50 ft) apart, exhibiting completely different properties.  With 
this in mind, the RE or the DGE should not be too alarmed if a test pile does not 
behave exactly as predicted, provided the bearing is achieved within the design 
pile length. 

 
  Conversely, the RE or the DGE should be concerned if: 
 

  • Extremely hard or soft driving are encountered , but were not shown in the 
boring logs (especially if these conditions exist through the entire driven length 
of the pile). 

 

  • Minimum penetration is not attained. 
 

  • A pile length, greater than the test pile length, is required to achieve the 
required test pile bearing.   

 
  If any of the above noted conditions or any other questionable conditions are 

encountered, the RE or the DGE should notify the BBS. 
 
  It is important for the RE to understand boring logs and to be able to predict how a 

pile will behave during driving.  This can be accomplished through proper 
communication between the DGE and the RE.  Predicting the behavior of a pile is 
based  on   the  type  of soil conditions that will produce hard or easy driving.  
Table 6-2 may be used to predict hard or easy driving conditions for displacement 
piles.  Also, it is beneficial for the RE to review the calculation procedure, to better 
appreciate how pile lengths are determined from the boring log 

 
 

            Table 6-2  Driving Conditions for Displacement Piles 
 

 

 PILE TYPE SOIL TYPE HARD DRIVING EASY DRIVING 
 

 Metal Shell Granular N > 30 N < 10 
 

 Precast Concrete Granular N > 30 N < 10 
 

 Metal Shell Cohesive  Qu > 400 kPa (4 tsf)  Qu < 100 kPa (1 tsf) 
 

 Precast Concrete Cohesive  Qu > 400 kPa (4 tsf)  Qu < 100 kPa (1 tsf) 
 
 
 
  Steel H-piles are not included in the table, because they are considered as non-

displacement piles.  While the H-pile is used as a point bearing pile, they drive 
much easier than do displacement piles in similar soil situations.  This is primarily 
due to the smaller end area of the steel H-pile, and the fact that the H section 
provides for greater efficiency in transferring energy from the hammer to the pile 
tip. 

 
 
  
 
 



January 1999 

6-17 

 6.7.4 Determination of Pile Lengths From Boring Logs 
 
  The expected penetration for  a given pile can be calculated from Tables 1-1 and 

1-2, or Figures 3.1, 3.2, and 3.3, by using either the Qu or the N values on the 
boring log, as applicable. 

 
  The allowable side resistance of a pile is determined in kPa (tsf) of surface area of 

the pile.  In computing the surface area of an H-pile, consider the H as a box with 
skin friction on 4 sides.  The bearing capacity of a pile is the combination of side 
resistance and point bearing. 

 
  Table 1-1, or Figures 3.2 and 3.3, can be used to determine the allowable side 

resistance along the shaft and the end bearing of the pile, in a cohesive soil based 
on the Qu values shown on the foundation boring log.  The combination of these 
two values, is the static design bearing capacity of the pile. 

 
  The allowable side resistance in granular materials can be calculated from Table 1-

2 or Figure 3.1, by using the N values shown on the boring log.  Side resistance is 
only used to compute the bearing capacity of piles, with tips in granular materials.  
No point bearing value is used. 

 
  By using this approximate method of determining the static design bearing capacity 

of a pile, you will develop an understanding of the test pile and production pile 
lengths (shown on the plans) as well as some insight into the pile type selection 
process. 

 
 
6.8 USE OF GEOSYNTHETICS FOR ROADWAY APPLICATIONS 
 
 The past two decades have witnessed a rapid growth in the use of geotextiles and 

geocomposites in transportation engineering.  Section 4.10 provides an overview of the 
different geosynthetic types and applications.  Some of the uses to date are as follows: 

 

 • Filtration and drainage. 
 

 • Sediment erosion control. 
 

 • Road material separation. 
 

 • Road reinforcement. 
 

 • Reinforcement in embankment and retaining wall construction. 
 

 • Geocomposite drains behind walls. 
 
 As mentioned in Section 4.10.2, some geosynthetics have not been approved for a variety 

of reasons, including concerns with the long-term strength (creep) and durability.  The 
BMPR  should  be  contacted for current practice.   A discussion is also included in 
Section 3.1.3. 

 
 The following Sections of the Standard Specifications (01/01/97) address construction 

specifications for various geosynthetic applications: 
 
 • Section 210 - Fabric for Ground Stabilization. 
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 • Section 282 - Filter Fabric for Use with Riprap. 
 
 • Section 283 - Flexible Ditch Lining. 
 
 • Section 285 - Fabric Formed Concrete Revetment Mat. 
 
 • Section 591 - Geocomposite Wall Drain. 
 
 • Section 601 - Pipe Drains, Underdrains and French Drains. 
 
 
 The following Articles of the Standard Specifications (01/01/97) address the material 

specifications for various geosynthetic applications: 
 
 • Article 1040.13 - Drainage Mat Underdrain. 
 
 • Article 1040.21 - Geocomposite Wall Drain. 
 
 • Article 1080.01 - Fabric Envelope For Pipe Underdrain. 
 
 • Article 1080.02 - Geotextile Fabric. 
 
 • Article 1080.03 - Filter Fabric For Use With Riprap. 
 
 • Article 1080.04 - Fabric For Fabric Formed Concrete Revetment Mats. 
 
 • Article 1080.05 - Geotechnical Fabric For French Drains. 
 
 • Article 1081.12 - Weed Barrier Fabric. 
 
 
6.9 EROSION CONTROL 
 
 Construction activities accelerate erosion and sedimentation.  This accelerated process 

can result in safety hazards, expensive maintenance problems, unsightly conditions, and 
disruption of the ecosystems.   For this reason, erosion should be addressed in the design 
stage, to minimize erosion and sedimentation during construction. 

 
 IDOT is committed to minimizing erosion within the limits of every construction project, and 

to eliminate the movement of eroded material from the highway R.O.W. 
 
 To acknowledge the importance of erosion control, IDOT has established an Erosion 

Control Coordinator position in each District.  The intent is to provide the engineering staff 
with an individual, formally trained in soils and turf, to monitor the effectiveness of various 
erosion control measures. 

 
 The Erosion Control Coordinator reviews potentially detrimental projects to the 

environment, such as existing slopes which are to be denuded.  Such projects are referred 
to as "designated projects." 

 
 To review IDOT’s policies and responsibilities concerning erosion control, the user of this 

manual is referred to the following: 
 



January 1999 

6-19 

 • Chapter 10 of the BBS’ Drainage Manual. 
 
 • Construction Memorandum No. 95-60. 
 
 • Design Memorandum No. 95-42. 
 
 • Erosion Control in the Standard Specifications. 
 
 A significant change in highway construction procedures, resulting from attention to 

erosion control, is the requirement that the area of denuded soils (in each phase of 
construction) be minimized to the greatest extent possible.  This requirement is meant to 
limit erosion potential.  Good practice requires that finishing and revegetation practices 
closely follow the grading operation.  Slopes of deep cuts and high fills are mulched and 
seeded, in increments. 

 
 Additional procedures which significantly reduce soil erosion are: 
 
 • The construction of benches or berms to reduce the flow of surface water down 

slopes. 
 
 • Installation of slope protection, and permanent drains at the earliest practical time. 
 
 • The construction of slopes; which are either serrated in soft rock, or roughened 

(plowed) on normal cuts and embankments; so as to retain water, seed, and mulch. 
 
 • The construction of silt fences. 
 
 The contractor and the inspectors must be concerned with proper disposal of project 

waste materials.  Construction activities and surplus excavation should not contribute to 
erosion or sediment problems.  Borrow areas must be continuously supervised to minimize 
erosion and sediment damage.  Thus, they should be restored at the earliest practical 
date. 
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APPENDIX I 

 
GEOLOGY AND PEDOLOGY 

 
1  -  INTRODUCTION 
 

 There is a close relationship between geology, pedology, and engineering.  This fact should be 
recognized by all dedicated personnel who are concerned with the design, construction, and 
maintenance of highways.  This relationship is especially valid in the case of highway 
engineering where highways are built on, through, above, and of earth materials.  
Unfortunately, most engineers receive, at best, little more than a superficial introduction to 
geology and pedology. 

 

 Pedology is the scientific study of the origins, characteristics and uses of soils comprising the 
zone, 1 to 2 m (3 to 6 ft) thick, immediately underlying the earth’s surface.  An important 
branch of soil science, pedology is concerned solely with the earth’s surficial materials - the 
outer skin of the soil - as this latter term is frequently used in engineering. 

 

 Geology is the scientific study of the origin, history and structure of the earth.  Geology 
provides the basis for differentiating the materials comprising the earth’s crust and interpreting 
the earth’s history.  In the line of highway engineering, an important contribution of geology is 
the interpretation of landforms; their history, the processes that shaped them, and the materials 
that comprise or underlie their surfaces.  While pedology deals primarily with the product of 
surficial weathering; geology is concerned with the underlying material - its character, 
distribution, and origin.  Engineering geology studies help to outline areas of potential slope 
instability, buried zones of compressible materials, areas of possible surface subsidence, and 
areas of undesirable bedrock conditions. 

 

 Applications of geological and pedological knowledge provide the ground work for delineating 
types of earth materials and potential problem zones.  Then various sampling methods and 
tests, from the art of soil mechanics, supply the necessary quantitative data for incorporation 
into design criteria. 

 

 Considerable data has been collected regarding the geology of Illinois:  Bulletin 92,  
“Bibliography and Index of Illinois Geology through 1965”, published by the Illinois State 
Geological Survey, contains the most up-to-date listing of these works.  Another bibliography 
containing much information regarding the surficial soils of Illinois is found in “Surface Deposits 
of Illinois”, (Univ. Ill. Eng. Sta. Cir. 80).  Finally, it should be noted that several Geologists and 
Engineering Geologists in IDOT are available for consultation, regarding any geological 
problems that may develop. 

 
2  -   PLEISTOCENE GEOLOGY 
 

 Since most of the surficial deposits of Illinois are derived from materials laid down during the 
glacial epoch, referred to geologically as the Pleistocene, some knowledge of the geologic 
period is most important to the soils engineer.  Geologic evidence indicates that during the 
Pleistocene, in response to periods of cooler temperatures, large masses of ice formed from 
the consolidation of snow collected in one or more centers of accumulation in Canada.  When 
a sufficient thickness of ice was obtained, the shearing resistance of the ice was overcome and 
the ice, in the form of glaciers, began to gradually spread out over the North American 
continent.  Studies of the glacial deposits in Illinois and elsewhere have clearly indicated that 
there were numerous major advances of glaciers, separated by periods of warmer climates 
and glacier retreat.  These major fluctuations gave rise to the Pleistocene shown in Table I-1. 
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Table I-1 
 

Stratigraphic Classifications of the Pleistocene Deposits in Illinois. 
[From Bulletin 94 and Bulletin 104 (1996), Illinois State Geological Survey] 

 
 

 
 

TIME STRATIGRAPHY ROCK STRATIGRAPHY SOIL
STRATIGRAPHY

See Figure I.1 "Stratigraphic Relationships of
the Mason and Wedron Groups"

SANGAMONIAN
STAGE

Berry Clay M.

Radnor T.M.
Toulon M.
Hulick T.M.

Duncan Mills M.
Kellerville

Till M.
Smithboro

Till M.

Mulberry Grove M.
Vandalia T.M.

Hagarstown M.

Berry
Clay M.

Sterling M.

Ogle T.M.

Peters-
burg St.

Banner Formation

Lierle Clay M.

Harkness Silt M.
Sankoty
Sand M.

Mahomet
Sand M.

Enion Formation
Grover
Gravel

Modern Soil

Jules Soil

Farmdale Soil

Pleaseant Grove Soil

Chapin Soil

Sangamon Soil

Pike Soil

Afton Soil

Yarmouth Soil

(SANGAMON EPISODE)
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Tiskilwa Fm,
undivided

Batestown M

Yorkville M

Haeger M
Beverly T (HF)

Piatt M
Delavan M

Roxana Silt
Robein M

Wadsworth Fm

Two Rivers M

Manitowoc M

Shorewood MPeoria Silt, Henry,
and Equality Fms

(intertongued)

Ashmore T (HF)
Peddicord T (EF)

Morton T (PS)

Lake Michigan M (EF)

diamicton

sediment sorted by wind and water

Farmdale Geosol  
 

 
 
 
 
 

Figure I.1   Stratigraphic Relationships of the Mason and Wedron Group Units 
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 There is widespread evidence (see Figure I.2) that parts of Illinois were covered by several 

glaciers.  The Illinois and Wisconsin glaciers entered Illinois as glacial lobes formed by flowage 
through the lowlands, now occupied by Lake Michigan and Lake Erie. Pre-Illinois glaciers 
entered the State from both eastern and western source areas.  The latest classification of 
Pleistocene deposits in Illinois is shown in Table I-1. 

 
 The Wisconsin ice withdrew from Illinois about 13,500 years ago.  Geologic history since that 

time is assigned to the Holocene (“Recent”).  Deposits of the Wisconsin episode cover, 
virtually, all of the northeastern quadrant of Illinois.  With the exception of Pike and Adams 
Counties, where pre-Illinois till underlies younger loess.  The remainder of the glaciated area of 
the State is underlain by Illinois episode deposits, covered by a variable thickness of loess.  
Details of the Pleistocene history of Illinois, as it is reflected in the surficial geologic deposits in 
the State, are described in the following section. 

 
 For recent discussions of the Pleistocene in Illinois, reference should be made to the Illinois 

State Geological Survey’s Bulletin 94, “Pleistocene Stratigraphy of Illinois”; and Bulletin 104, 
Wedron and Mason Groups, “Litho-stratigraphic reclassification of deposits of the Wisconsin 
Episode, Lake Michigan Lobe area” (1996). 

 
 
 
3  - PRE-PLEISTOCENE GEOLOGY 
 
 The bedrock geology of Illinois is shown in Figure I.3.  The classification and general 

description of these bedrock units are presented in Table I-2.  Virtually all of the bedrock, in the 
sense of hard indurated or consolidated rock, was deposited as sediments during the 
Paleozoic Era.  These sediments (through the processes of consolidation, cementation, and 
crystallization) have been transformed into sedimentary rocks.  Principal varieties of these 
rocks include shale, limestone and dolomite, sandstone, and coal.  Descriptions, 
characteristics, and engineering problems for these rocks are presented in a following section. 

 
 Pre-Pleistocene unconsolidated sediments of Cretaceous and Tertiary episodes are found in 

two areas in Illinois.  In extreme southern Illinois, (Alexander, Pulaski, and Massac Counties) 
these clay, sand, and gravel deposits lie in the northern end of the Mississippi Embayment.  
Similar deposits, (formerly identified as Illinois drift) in Pike and Adams Counties, are now also 
classified as Cretaceous. 
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 The bedrock layers have been bowed downward by forces within the earth, forming the Illinois 

Basin.  Thus, the youngest Pennsylvanian rocks underlie south central Illinois and 
progressively older rocks are found outward from this area. 

 
 The dips of the sedimentary rocks into the basin are generally quite small, and for practical 

purposes, (as in a single road cut) the rock layers are essentially horizontal.  Specific 
exceptions are in the vicinity of the LaSalle Anticline near Starved Rock State Park; Cap Au 
Gres Fault in Calhoun and Jersey Counties; and the Dupo-Waterloo Anticline in Monroe 
County, where steeply dipping rock layers are present. 

 
 In eastern and northern Illinois, the basinal structure has been modified by secondary folding, 

to form the LaSalle Anticlinal Belt and the Kankakee Arch.  The bedrock units in southern 
Illinois have been broken by a series of faults - fractures, along which there has been some 
differential movement in the geologic past.  None of these are known to be active today.  
Occasional tremors are felt about once a year, and on average, about once every 10 years a 
tremor may cause slight damage. 

 
 
4  - PHYSIOGRAPHIC DIVISIONS 
 
 Much of the surface of Illinois is essentially a prairie plain, which presents few striking 

physiographic contrasts.  The relief over most of the State is moderate to slight.  Although 
large-scale relief features are absent, several physiographic divisions can be made, and these 
assume great local significance.  Each of the physiographic subdivisions, shown in Figure I.4, 
has a distinctive surface topography which, in turn, reflects its geologic history and the 
character of the surficial deposits.  An example of utilizing this data can be made with the 
Kankakee Plain.  This is an area of poor drainage, flat topography, and is predominantly silty 
and clayey materials.  Such materials were deposited in temporary glacial lakes, formed during 
the final deglaciation of Illinois.  The physiographic data do not reflect the thickness of the lake 
deposits, nor the character of the underlying glacial materials, both of which are variable. 

 
 More than nine-tenths of the State lies within the Central Lowland Province.  This province was 

glaciated, except in the Wisconsin Driftless Section of northwestern Illinois.  The other 
provinces (Ozark Plateaus, Interior Low Plateaus, and Coastal Plain) lie almost entirely outside 
of the glacial boundary, in extreme southern and southwestern Illinois. 
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Figure I.2  Quaternary Deposits of Illinois 
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Figure I.3  Generalized Areal Geology of the Bedrock Surface of Illinois (From Illinois State Geological Survey - 

Bulletin 94) 
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Table I-2  Principal Bedrock Strata of Illinois 
 
 

1-2
20
54
67

135

265

320

355

405

445

500

570
PreCambrian

Cambrian

Ordovician

Silurian

Devonian

Mississippian

Pennsylvanian

Cretaceous
Paleocene

Eocene
Pliocene

Quaternary Glacial Drift
Mounds Gravel

Wilcox Fm.
Porters Creek Clay

McNairy Fm.

Mattoon

Bond
Patoka

Shelburn

Carbondale

Tradewater

Caseyville

Pope Group

Ste. Genevieve LS.

St. Louis Limestone
Salem Limestone

Warsaw Shale
Keokuk-Burlington LS.

Chouteau LS.-Hannibal Shale
New Albany Shale
St. Laurent/Cedar Valley

Grand Tower Wapsipinicon

Clear Creek

Bailey Limestone

Backbone Limestone
Grassy Knob Chert

Cayugan Series
Niagaran Serries
Alexandrian Series
Maqoketa Group

Galena (Kimmswick) Group

Platteville (Plattin) Group

Glenwood St. Peter Sandstone

Shakopee Dolomite
New Richmond Sandstone

Oneota Dolomite
Gunter Sandstone

Eminence-Potosi Dolo
Franconia Formation*
Ironton-Galesville SS.

Eau Claire Formation

Mt. Simon Sandstone

Crystalline Rocks

884

175
70
79

100
24
91
53

122

198

177

91
107

332

137
76
46

183

61
67

125
66
91
61

122

152
61

365

183

213

122

213

61
91

107

145
53
91
15

152 Till, Gravel, Sand, etc.

Gravel, Sand,
Clay, Lignite

Shale with
Sandstone,
Limestone,

Coal and Clay

Sandstone with
Shale

Alternating
Shale-Limestone

and
Shale-Sandstone

Formations

Thick Limestones
with Thin Shales

Shale with
Limestone
Limestone

Chert

Limestone
Chert

Limestone

Dolomite
R = Reef

Shale
Dolomite-Limestone

Limestone-Dolomite

Sandstone

Dolomite

Sandstone

Igneous and
Metamorphic Rocks

Time
Scale

Geologic
System

Series, Group, or Formation
Maximum
Thickness
(meters)

Bedding
Resistance to
Weathering

Character of
Deposit

* Lowermost Outcrop in Illinois  
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Figure I.4  Physiographic Divisions of Illinois 

 
 

I-9 



 
January 1999 

 
 
 
5  - GENERAL CHARACTER OF GLACIAL DEPOSITS 
 
 Glacial Drift 
 
 As generally used today, the term glacial drift or drift embraces all the material (clay, silt, 

sand, boulders) deposited directly or indirectly by glaciers; in upland areas, in rivers and 
valleys, in lakes and ponds; and in the ocean, as a result of glacial activity in adjacent regions.  
It includes:  till, stratified drift or outwash, and scattered rock fragments (“erratics”). 

 
 The deposit of glacial drift, carried by the ice and laid down directly from it as it advanced or 

retreated, is known as till.  Till is typically a heterogeneous mixture of particles, ranging in size 
from fine clay to large boulders.  Theoretically, its textural composition may vary from 99 % 
boulders to 99 % clay size; but actually, such extremes are rare.  Ideally, a till deposit has not 
been affected by the presence of water, either running or standing, and consequently shows 
no evidence of sorting by particle size.  However, a typical till deposit may contain local 
deposits, or inclusions, of water sorted material.  Much till was reworked as the glacier melted 
at or near the ice margin.  Such reworked till may be called diamicton. 

 
 A large portion of the rock and soil material transported by glacial action was not deposited 

directly from the ice.  It was incorporated into and carried by streams of meltwater, flowing 
within or in front of the melting glacier.  This subsequent handling of the material, by water, 
always resulted in some sorting of the particles and produced evidence of stratification in the 
deposit.  Such material can be classified, generally, as stratified drift.  These glacio-aqueous 
deposits may, in Illinois, be subdivided as (1) glacio-fluvial deposits, where the material has 
been laid down through the action of flowing water; (2) glacio-lacustrine deposits, where the 
material has been laid down in quiet, fresh water. 

 
 Each of these deposits, outlined generally above, are described in detail in the following 

section, with particular regard to their geologic and topographic development in Illinois 
 

a) Ground Moraine or Till Plains 
 

 Nearly level, to gently undulating till plains are the predominating physiographic feature of 
much of the State of Illinois.  These plains were formed as a result of the deposition of 
glacial debris, directly from the base of the ice, as it moved.  As the name implies, glacial 
till is the principal constituent of these deposits.  The term ground moraine is used, more 
or less, interchangeably with till plain, and implies the same origin.  Normally, a section 
through a till sheet, of a uniform episode, should show little evidence of stratification or 
sorting; however, a typical till deposit may contain local deposits, or inclusions of sorted 
material.  In central and northeastern Illinois, the accumulative thickness of the several till 
sheets of Wisconsin and Illinois episodes often exceed 30 m (100 ft).  The local 
topography, which is of the order of 9 m (30 ft) or less, is due,  generally, to the 
constructive action of the glaciers.  In southern Illinois (south of Mt. Vernon) where the till is 
solely of Illinois episode, the total thickness of the till sheet is often 6 m (20 ft) or less, and 
the topography is controlled almost entirely by the underlying bedrock.  Reference should 
be made to Table I-1, to see the position of these till formations in the entire Pleistocene 
stratigraphic classification; and to Figure I.2, to see their distribution. 
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  The textural composition of the glacial till is of primary importance, in determining the 
character of the soils in northeastern Illinois.  In the region covered by the Wisconsin ice 
sheet, the surface soils have been developed from tills of the Wedron Group; they vary in 
texture from loamy gravel to clay.  Since these materials are relatively young geologically, 
the characteristics of the till are closely reflected in the textural characteristics of the 
surface soils.  At depths of 1 m (3 ft) or more, the character of the till is practically 
unaltered.  Tills can be classified according to texture, using the USDA/SCS textural 
classification diagram shown in Figure I.5a.  This classification should not be confused with 
the Illinois textural classification of Figure II-3.  Figure I.5b illustrates particle size properties 
of the following six textural groups, which have been described by Illinois pedologists: 

 

  1) Loamy gravel drift.  This material is, normally, non-plastic to slightly plastic, and 
contains from 60 to 90 % of combined sand and gravel.  Rarely does the content of 
fine grained material exceed 10 %.  Although deposits of this material often show 
some evidence of stratification, enough examinations have been made to indicate that 
many have a till-like character. 

 

  2) Sandy loam till.  Material of this classification is also relatively non-plastic and very 
similar to the loamy gravel till, except that the content of gravel size material seldom 
exceeds 30 %.  The content of fine grained material averages about 25 to 30 %. 

 

  3) Silt loam and loam till.  These materials have a combined sand and silt content which 
averages close to 70 %.  Seldom does the fraction of gravel size exceed 10 %, and 
the clay size fraction averages close to 20 %.  The materials in this textural group 
have sufficient clay to render them, at least, moderately plastic. 

 

  4) Silty clay loam till.  The materials in this textural group differ from the loam tills, by 
having about 10 % lower sand content and a corresponding greater clay content.  
They are moderately to highly plastic, and have a combined silt and clay content 
averaging close to 80 %. 

 

  5) Silty clay till.  These materials are highly plastic, and have a clay content averaging 
close to 40 %.  The combined sand and gravel content seldom exceeds 15 %. 

 

  6) Clay till.  The materials in this group have a content of clay size material, which is 
seldom less than 45 % and sometimes exceeds 70 %.  Commonly, these very highly 
plastic materials have a combined silt and clay content close to 95 %. 

 

  In addition to the differences in the textural and plasticity characteristics of the till, there are 
differences in the surface soils brought about by variations in relief and drainage 
characteristics.  The dominant landform is a level to gently rolling plain in which, for the 
most part, the natural drainage system has not been well developed.  However, many 
artificial drainage ditches have been dredged across the countryside in order to cultivate 
the low areas, between the knolls and ridges.  Although erosion is not severe on most of 
the rises, soil profile development is often shallow.  Gullying is unusual, but sheet erosion 
has undoubtedly been active.  In contrast, the lower areas or basins on the till plain surface 
are often filled with the accumulation of mineral matter (washed from the surrounding 
higher land), and are combined with the remains of plant vegetation (formed under swamp 
conditions).  Even where the underlying till is relatively coarse-textured, the water table 
may be high in the basin areas; with the result that the surface soils are usually high in 
organic matter. 

 

  Surficial soils in the areas of Illinois, (Glasford and Winnebago Formations) and older (Wolf 
Creek Formation) ground moraine, do not reflect the different till textures as found in the  
northeastern part of the State.  In these loess covered areas, the modern soil is developed 
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Figure I.5  USDA/SCS Textural Classification of Loess and Tills 
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  in the loess.  However, an older soil profile of greater thickness is usually present, 

developed in the underlying till, either Illinois or pre-Illinois.  In these areas, a soft, moist, 
plastic, clayey material (of variable thickness) is frequently found overlying the weathered 
till.  In older literature, this material was called “gumbotil”.  However, today, much of these 
deposits are identified as being “accretion-gley.”  One of the best examples of a buried soil 
is the “Sangamon Soil”, which was developed on Illinois and pre-Illinois drift, prior to the 
deposition of the Wisconsin loesses.  The clayey B horizon of the truncated soil profile, 
usually, has a distinctive reddish-brown hue; when under drained (oxidizing) conditions are 
present. 

 
b) Morainic Ridges or Moraines 
 

 Wherever the position of the ice front remained relatively stationary (due to a balance 
between the forward movement of the ice, and the melting and evaporation taking place at 
the front of the ice) the natural forward “conveyor-belt” motion of the ice brought much  rock 
debris to the front of the glacier, where it was dumped.  When (in response to increased 
melting) the ice front withdrew from the area, these deposits were left as a hilly ridge 
marking the former temporary position of the ice front. 

 

  These ridges are called morainic ridges, end moraines, or simply moraines.  They are 
prominent topographic features of the landscape in the Wisconsin drift area, in the 
northeastern part of the State (see Figure I.2).  They are much less prominent in the Illinois 
drift areas. 

 

  In Illinois, the local relief within morainal areas seldom exceeds 15 M (50 ft).  However, the 
relief between the crest of the moraine and the surrounding country may approach 60 m 
(200 ft).  In contrast to the till plain regions, the drainage conditions on the moraines are 
usually good.  However, local closed depressions called kettles (which resulted from the 
melting of isolated blocks of ice within the drift) are often present.  The width of moraines 
varies from sharp well-defined ridges, to broad hilly areas several miles wide.  Many 
moraines can be followed for miles across the country, whereas, others exist only as 
isolated remnants. 

 

  The principal constituent of the moraines, in Illinois, is glacial till.  However, because of the 
active melting which took place while the ridges were being formed, they contain much 
more water worked material than is normally found in the till of the plains.  Due to the 
method of formation, moraines are usually found to contain pockets and lenses of water 
sorted gravels, sands, and silts.  Locally, they may even contain water sorted silts and 
clays, which have been laid down in temporary ponds.  As in the case with the till plains, 
the characteristics of the till itself may vary from one moraine to another.  In some cases, 
even within a single moraine, the texture of the till has been found to vary from one part of 
the State to another.  Because of this fact, it has been impossible to formulate any precise 
correlations between the engineering properties of the glacial drift and any particular 
moraine or group of moraines, although certain generalizations can usually be made. 

 
c) Outwash Plains 
 

 While the ice front remained relatively stationary during the building of an end moraine, 
much water was flowing off the front of the ice and carrying with it glacial debris of varying 
sizes.  A natural sorting and stratification took place when these materials were deposited, 
in the form of a discontinuous apron or outwash plain which sloped, very gradually, away 
from the end moraine. 
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  Many outwash plains are indicated on the Quaternary Deposits of Illinois map (Figure I.2).  
Some of these outwash plains occupy many square miles, although the thickness of the 
water sorted materials may vary considerably.  Normally, coarse-textured sand and gravel, 
and the thickest deposits occur immediately in front of a morainic ridge.  A gradual 
decrease in the particle size and thickness of outwash takes place at successively greater 
distances from the ridge front, until the deposit of silt and sand becomes so thin that it is 
impossible to distinguish it from the underlying till material.  Because of this variation, it is 
difficult to predict with any high degree of accuracy, the character of an outwash deposit at 
any given location.  Most of the outwash of the last glaciation is classified as Henry 
Formation. 

 
 

d) Alluviated Valleys 
 

 

  Closely associated with the outwash plains are the deposits of water-sorted material laid 
down in the major stream valleys; such, as the Mississippi, Illinois, Kaskaskia, Wabash, 
and Ohio Rivers.  These and other streams functioned during the Pleistocene as major 
drainageways for glacial meltwater, and consequently, their valleys contain much of the 
outwash material carried away from the glaciers.  Evidence indicates that during glacial 
times these major drainageways, at various episodes, rapidly filled or partially filled their 
valleys with outwash from melting glaciers.  Subsequent to the withdrawal of the ice sheets 
the behavior of the streams changed and, because of the reduction in sediment load, the 
present rivers have cut down through the Pleistocene outwash deposits, leaving them 
exposed as terraces along the valley walls.  The number and size of terraces vary 
considerably with the size of the stream, and with its importance as a glacial drainage 
outlet.  In many cases, the terrace deposits have been covered with a layer of loess, and 
occasionally, sand dunes.  However, at depths of 3 m (10 ft) or less, granular outwash 
materials will usually be encountered.  Valley terraces constitute one of the major sources 
of granular material in Illinois and adjoining states.  The Quaternary Deposits of Illinois map 
(Figure I.2) shows the location of the major alluviated valleys, but it is not possible to say, 
with certainty, that granular materials of high quality will be found in any specific location in 
these valleys.  The study of aerial photographs, or the examination of special materials 
resource maps will help in locating high quality materials.  Underlying the floodplains, along 
the major drainageways (noted above), the coarse grained outwash is present, beneath a 
cover of recent fine grained alluvium, generally, 3 to 9 m (10 to 30 ft) thick.  Recent 
alluvium is classified as Cahokia Formation. 

 
 

e) Glacial Lakebed Sediments 
 

 In the Illinois drift regions, tributary streams draining the upland were not able to build up 
their valleys as rapidly as the major drainageways of the Mississippi, Illinois, Kaskaskia, 
and Wabash Rivers.  For this reason, the tributary outlets were sometimes blocked during 
Pleistocene times, and their valleys became temporary lake beds.  Some of the water from 
the major drainageways flowed into these lakes.  The most important and extensive areas 
of these lakebed sediments (especially along the Big Muddy River Valley and in 
southeastern Illinois along the Wabash River Valley) are delineated on the Quaternary 
Deposits of Illinois map (Figure I.2), and in Figure I.6.  Under the conditions which 
prevailed in these areas, fine grained lacustrine sediments (“slackwater deposits”) were 
deposited.  These deposits are in marked contrast to the sediments found in the major 
stream valleys draining the Wisconsin ice front.  After the retreat of the glaciers, as the 
major streams cut down through their previous deposits, the tributary valleys were drained.  
Frequently, the tributaries were incised into the slackwater deposits, and terraces were 
formed along the valley walls.  Sometimes these deposits may be covered with a layer of 
recent alluvium.  However, in the principal tributary valleys, fine grained plastic sediments 
will usually be encountered at a relatively shallow depth.  Only a detailed geological 
investigation can determine if the basic deposit is lacustrine or alluvial in character. 
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Figure I.6  Glacial Lakes of Illinois. 
Areas of lakes overridden by glaciers are not shown. 
(From Illinois State Geological Survey - Bulletin 94) 
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  As the Wisconsin, Lake Michigan ice lobe withdrew from northeastern Illinois, meltwater 

was periodically impounded between the major end moraines and the retreating ice front.  
These temporary glacial lakes covered large areas.  Geologic investigations indicate that 
the history of such lakes was quite complex.  During some periods true lacustrine 
conditions prevailed, but during other times water was flowing through the lakebed areas at 
sufficient velocity to prevent the deposition of much clay.  Several areas of lakebed 
sediments  are indicated on the Quaternary Deposits of Illinois map (Figure I.2) and on 
Figure I.6, which includes their assigned names.  Bars and beach ridges were built in and 
along these lake areas.  Subsequent to their formation, these sandy deposits were 
reworked by the wind.  Thus, the character of the surface deposits found in these areas 
may be quite variable, ranging from almost clean sands along the outer edges of the lakes, 
through sandy silt, to fine-textured clays in the central part of the lakebed area.  
Occasionally, the morainal dam would be breached, and the ponded meltwater would flood 
the Illinois Valley.  A series of such floods, late in the Wisconsin, is collectively referred to 
as the Kankakee Torrent.  Sand bars formed by these floods are numerous along the 
Illinois Valley, especially in the Peoria to Beardstown stretch. 

 

  The materials deposited in the temporary glacial lakes, described above, are assigned to 
the Equality Formation.  This formation has been subdivided into two members: the Carmi 
Member, which consists of relatively deep water lacustrine silts and clays; and the Dolton 
Member, consisting of coarse grained sediments. 

 

f) Ice-Contact Stratified Drift 
 

 Associated with both the Wisconsin end moraines and till plains, and with the Illinois drift 
areas are deposits of stratified drift; which were initially deposited by meltwater streams on, 
under, or adjacent to the glacier itself.  These deposits are generally classified by their 
topographic expression.  Eskers are sinuous ridges of sand and gravel deposited in 
meltwater streams, flowing in tunnels at the base of the glacier.  Kames are conical hills of 
sand and gravel.  Kames were initially deposited in depressions on the glacier’s surface, 
and then dropped when the ice melted.  Both of these deposits suggest stagnation, and 
melting “in-place” of the glacier.  Such deposits are common in the northeastern part of the 
State, and have been extensively worked there.  Also, in northeastern Illinois (specifically in 
McHenry County) are kame terrace deposits, which are composed of sand and gravel 
deposited along valley sides, adjacent to a glacier.  Isolated kames and eskers are 
occasionally found in areas of Illinois drift.  However, because of subsequent weathering, 
the deposits cannot qualify as high quality aggregate.  Ice-contact Wisconsin drift is 
classified as Henry Formation. 

 

 Elongated ridges of Illinois drift, generally trending NE-SW, in south-central Illinois (north of 
the Kaskaskia River Valley) are currently interpreted as representing, in large part, deposits 
laid down during large scale stagnation of the Illinois glacier in this region.  Ice-contact 
Illinois drift is classified as Pearl Formation. 

 

6  - WIND DEPOSITS 
 

 Closely associated with glacial till and outwash deposits are deposits which have been shaped 
or laid down by wind action.  In Illinois, these wind sediments are predominantly materials 
which were first eroded and moved by glaciers, and then carried and sorted by water.  
Subsequently, these water deposited sediments were modified by wind action.  The physical 
nature of moving air will limit the handling of particles which are no larger than coarse sand; 
and because of the cohesive characteristics of clay size material, wind will transport clays only 

 
 
 
 

I-17 
 
 



 
January 1999 

 
 under special conditions.  Consequently, deposits of wind blown material fall into two groups.  

Sand-size materials ordinarily are not transported over great distances by wind action.  
Therefore, wind blown sand deposits are frequently located close to the source.  These sand 
deposits occur topographically as dunes.  Silt-size materials, because of their finer size, can 
be winnowed out of the sand.  Silt-size materials are carried to a greater height by the wind, 
and deposited further from the source.  Accumulation of silt-size materials rarely show 
evidence of stratification, within a deposit of given age.  Accumulations of wind-blown, silt-size 
materials are called loess. 

 
a) Sand Dunes 
 
 Sand dune deposits are found, most often, in association with beach ridges, or on major 

outwash or terrace deposits; usually, in or immediately adjacent to major alluviated valleys 
(see Figure I.7).  As a result of previous handling by glacial ice and by water, the 
predominant mineral in most Illinois sands is quartz.  When these materials have been 
further sorted by wind, they are practically inert and extremely resistant to weathering 
processes.  Typically, they are non-plastic and uniform in particle size.  According to the 
latest Pleistocene classification in Illinois, the sand materials in dunal areas are part of the 
Parkland facies and are classified either with the Henry Formation or, less commonly, with 
the Peoria Silt.  Today, most of the sand dunes are naturally stabilized by vegetation. 

 
b) Loess 
 
 Loessial deposits blanket much of the present surface of Illinois.  As shown in Figure I.8, 

the loess thickness varies and obviously reflects the distance from its source.  Loessial 
deposits are predominantly silt-sized materials, which were picked up by the wind from the 
floodplains of glacial drainageways and deposited on the adjacent uplands.  Along with the 
pronounced thinning downwind from the source area, there is also a corresponding change 
downwind; from a coarse sandy loess (adjacent to the source valley), to a clayey loess.  As 
a result of the map scale in Figure I.8, the maximum loess thicknesses, approaching 23 to 
30 m (75 to 100 ft) along the east sides of the Mississippi and Illinois Valleys, cannot be 
shown. 

 
 The major loess deposits in Illinois are Wisconsin in episode, and consist of the lower 

Roxana Silt and the overlying Peoria Silt (see Figure I.2). The tongue of the Peoria Silt, that 
extends beneath the tills of the Wedron Group, is called the Morton Tongue of the Peoria 
Silt.  The Peoria Silt overlies the Wedron Group and extends beyond it, to cover most of the 
State.  The Loveland Silt, a loessial deposit of Illinois episode, is frequently found beneath 
the younger Wisconsin loesses. 

 
7  - ORGANIC DEPOSITS 
 

a) Origin and Classification 
 
 Organic soils contain more than 20 to 30 % organic matter.  They occur in moist to wet 

locations, where plant remains and, to a lesser extent, animal remains have accumulated 
in large amounts.  Pedologists classify organic soils either as peat or muck.  In peat, the 
plant remains are well enough preserved to be identified.  In muck, the plant remains are 
so thoroughly decomposed that the plant parts cannot be recognized. 
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Figure I.7   Major Areas of Windblown Sand in Illinois 
 (From Illinois State Geological Survey - Bulletin 94) 
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Figure I.8   Loess Thickness in Illinois 
(H.B. Willman and John C. Frye, 1970, Illinois State Geological Survey) 

 
 
 
 
 

I-20 



 
January 1999 

 
  When undrained, muck is a black, structureless ooze. In general, muck comprises the 

well-decomposed surface material of swamps, and may be underlain by several meters of 
raw peat. 

 

  The most common organic materials from which peat and muck are derived, include: 
 

  • Mosses (principally of the Sphagnum type). 
 

  • Woody plants; such as, bog conifers, swamp hardwoods, dwarf trees, and heath 
shrubs. 

 

  • Herbaceous plants; such as, grasses, sedges, and reeds. 
 

  • Aquatic plants and animals; such as, water lilies, pondweed, algae, diatoms, and 
sponges. 

 

  In the development of a bog, the succession of plant relationships is very important; since 
they often develop in episodes, from open water to a filled wooded bog.  Thus, under 
natural conditions, most bogs progress from a flooded episode to drier episodes, in an 
orderly manner.  Around incompletely filled bogs, these successive episodes may be 
represented by concentric bands of vegetation; from the most advanced episodes at the 
edge (sometimes partially covered with mineral soil eroded from the upland), to open 
water in the center. 

 

  1) Sedimentary Peat.  In any shallow lake or pond, the history of a peat deposit begins 
with the deposition of the remains of aquatic plants and animals; such as, water lilies, 
pondweeds, algae, and diatoms.  These remains tend to disintegrate rather thoroughly 
(except diatoms which are already very small) and upon settling to the lake bottom, 
form a finely divided, incoherent, structureless ooze.  This type of peat is mostly gray 
or olive green in color, and is calcareous.  It is soft and smooth when wet, contains 
about 30 % organic matter, and shrinks greatly on drying to a hard mass; which is 
readily broken down into a fine powdery dust, when manipulated. 

 

   ♦ Semi-organic sedimentary deposits.  These are soft sedimentary deposits of silt, 
mixed with sand, clay, and organic materials; which are sometimes found in old 
glacial drainageways.  While they have many of the objectionable features of 
sedimentary peat, they are generally more stable.  Generally, the material is 
identified as “soft sediments” in boring logs or swamp soundings.  The organic 
content is usually 10 % or less; and the water content in the range of 50 to 70 %, 
which is much below that of peat. 

 

  2) Fibrous Peat.  The second episode in the development of a peat deposit is, generally, 
associated with the encroachment of marsh vegetation upon the lake or pond; in which 
the ground water surface is disappearing, as a result of the filling with aquatic plants.  
This is the most common type of peat in Illinois.  It is formed from sedges, reeds, some 
grasses, and rushes.  Fibrous peat appears as a matted or felted, stringy mass that 
resembles firmly compressed, half-rotted straw.  Usually, fibrous peat is brown in color 
and neutral in reaction, unless it contains large amounts of snail shells or fragments.  
When freshly exposed, it gives off the distinctive odor of hydrogen sulfide gas.  
Fibrous peat contains 60 to 70 % organic matter, and is high in cellulose, 
hemicellulose, and lignin. 

 

  3) Woody Peat.  In the final episode of development of a bog, a swamp forest of conifers 
and some hardwoods is formed.  Under these conditions, the principal source of 
organic matter is an accumulation of fallen logs, branches, and roots (varying in size 
and degree of decomposition).  Woody peat is commonly quite acid in reaction.  This 
type of peat is common in the northern tier of glaciated states, but is rare or non-
existent in Illinois. 
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  4) Moss Peat.  Moss peat differs markedly, in character, from those previously described.  

It is formed, predominantly, from the small stems and leaves of sphagnum mosses, 
under a growth of various moss species, combined with scattered sedges and small 
shrubs.  Although it could be classed as a fibrous peat, it differs from that previously 
described by its highly acid reaction.  The occurrence of moss peat is quite limited in 
Illinois, but it is very common farther north. 

 

  5) Muck.  Most muck in Illinois appears to have been formed from the decomposition of 
the surface material of a peat deposit.  From the engineering standpoint, a qualitative 
scale of three divisions may be used to classify peat materials which have been 
partially decomposed:  slightly decomposed peat, partly decomposed peat, and well-
decomposed peat (or muck).  The gradation in decomposition may be judged on the 
basis of the amount of recognizable plant remains, and a variation in color from brown, 
to dark brown, to black. 

 

  6) Marl and Very Soft Clay.  In many locations, the deposits of peat are underlain by soft 
mineral deposits.  If the deposit is primarily finely divided calcium carbonate mixed with 
variable small amounts of peat, sand, and clay, it is called marl.  Generally, marl is 
medium gray to white in color, and is further recognized by its chalky feel and low 
plasticity.  Very soft clay, when present, occurs at the bottom of many swamps and 
overlies a deposit of glacial drift.  Since this clay is unconsolidated, it is usually much 
softer than the underlying drift, and often more fluid than the overlying sedimentary 
peat.  It usually feels very smooth and sticky, when at its natural moisture content.  
When excavation and filling occurs through a bog, it is usually very difficult to decide 
how much of the soft clay should be removed.  In spite of its exceptionally soft and 
weak appearance when disturbed, several feet of this material may sometimes be left 
in place without leading to fill failures.  However, settlement of the fills will undoubtedly 
take place, and its effects must be considered. 

 

b) Distribution and Occurrence 
 

  Approximately one-fourth to one-third of the total area of organic soils in Illinois is peat, and 
the remainder is muck.  More than 90 % of the organic soils occur in the northeastern one-
fifth of the State, in Districts 1 and 3.  The remaining important areas  are  in  the  south  
half  of  District  2, and  along  the  Illinois River Valley in Districts 4 and 6. 

 

  Individual areas of organic soils vary in size, from small spots [less than 0.4 ha (1 acre)] up 
to more than 400 ha (1,000 acres).  The combined area of such soils, in Illinois, is 
estimated to exceed 640 km² (250 sq. mi).   Although this represents only about 0.3 % of 
the total area of the State, these soils are extremely important in the areas where they do 
occur.  When these soils are encountered, special and expensive treatments must be 
utilized, in order to provide stable subgrades or embankments. 

 
8  - BURIED SOILS AND OTHER INTERGLACIAL DEPOSITS 
 

 As shown in Table I-1 and Figure I.9, soils were formed on previously deposited drift materials 
during interglacial episodes; for example (Yarmouthian and Sangmonian); and subepisodes, 
for example (Farmdalian).  The old soils on the former are usually better developed, because 
of longer periods of formation.  These soils, when not greatly disturbed by subsequent glacial 
action, frequently exhibit profile development similar to that of modern soils.  Closely 
associated with these old, now buried soils, may be deposits of accretion-gley, peat, other 
organic materials, and colluvial materials.  Occasionally, these deposits may be quite 
compressible.  These compressible deposits occur when the soil has been buried by loess, 
without the consolidating effects of an overriding glacier. 
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Figure I.9   Diagrammatic Cross Section Showing Relations of Pleistocene Formations 
and 

Members of the Illinois Episode in Western Illinois 
(From Illinois State Geological Survey - Bulletin 94) 

 
 
 
 
 
 The geotechnical engineer should be aware of the significance of encountering a buried soil 

zone.  The stability of cut slopes, settlement of moderately high fills, and increased loading on 
foundation piles may be greatly influenced by the materials in such a zone. 

 
 
9  - HOLOCENE (“RECENT”) DEPOSITS 
 

 In Illinois, materials deposited in the last 10,000 years are classified as being Holocene in 
episode.  This name replaces the term “Recent” of former classifications.  Holocene episode 
materials include:  valley deposits, depressional deposits, colluvial deposits, and deposits 
resulting from the activity of man; such as, spoil banks, “gob” piles, and other artificial fills. 
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a) Valley Deposits 
 

 The nature of the alluvial materials encountered on and immediately underneath the 
floodplains, in stream valleys, is dependent upon two characteristics.  They include the 
character of the geologic materials in the drainage basin, and the character of the stream.  
In Illinois, the principal surficial materials are till and loess.  Furthermore, most of the tills 
are not highly granular in nature.  Consequently, most of the modern or recent alluvium is 
of medium texture (silt and fine sand).  The character of the stream, which erodes and 
transports the alluvial material, has an important influence on soil texture.  A swift-flowing, 
high-gradient stream can transport coarse-textured particles.  Streams with low gradients 
will carry the finer-grained materials. 

 
 The floodplains of the large, meandering streams usually exhibit several topographic 

features, in which characteristic deposits can be expected.  The Mississippi River 
floodplain, throughout most of its length in Illinois, will serve as an excellent model for this 
description.  On the inside of a meander, crescent-shaped low ridges or point bars occur,  
which consist of sandy and coarse silty materials.  Occasionally, meandering of the river 
reaches an episode, where a cutoff across the meander neck develops.  Ultimately, the 
ends of the former meander may become plugged, and an oxbow lake formed.  With time, 
this lake will fill with fine grained and organic materials.  Low, broad ridges of silty and 
sandy deposits, called natural levees, are formed adjacent to the main channel during 
floods.  Sometimes the development of natural levees prevents tributaries from entering the 
main stem.  In this case, the tributary stream is forced to flow parallel to the main river for 
some distance before it finally enters it.  Streams of this type are called yazoo streams.  
The Sny, in Pike and Calhoun Counties, is an excellent example. 

 
 In such a wide floodplain environment, occasionally, stream channels are completely 

abandoned, producing features called meander scars; which are sometimes underlain by 
relatively coarse grained materials.  The floodplain area, between the natural levees and 
the outer edge of the floodplain (either the valley walls or a terrace face), is frequently a low 
area (occasionally lower than the river itself) and is often called the backswamp area.  
Typically, very fine grained and organic materials are deposited. 

 
  Meander scars can indicate the sites of filled former oxbow lakes.  In this case, the surface 

may be underlain by compressible soils, consisting of fine grained and organic materials.  
On the other hand, meander scars can also represent abandoned channels in which no 
lake ever existed.  Thus, the surface may be underlain by relatively coarse grained channel 
deposits. 

 
 It is important to note, that while the topographic features and deposits were described 

above as existing contemporaneously (in a horizontal sense) they also existed in the  
vertical  sense,  and  frequently  in  varying  positions.  Thus, in the section of alluvium 
overlying the glacial outwash in the Mississippi Valley; filled oxbow lakes, natural levees, 
and backswamp deposits may be buried under the younger floodplain silts.  These were 
formed as the Mississippi built up its valley floor, while meandering back and forth.  Thus, 
one of the most significant characteristics of alluvium is its variability.  This variability can 
be observed in sections through such deposits, which usually show the lenticular or 
stratified nature of the materials.  These deposits often have a higher permeability in the 
horizontal, than in the vertical direction. 
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  Furthermore, no significant soil weathering occurs.  Fresh materials are deposited 

whenever the stream goes into flood, or changes its position due to meandering.  
Engineering construction in valley areas, consequently, requires careful and thorough soil 
exploration procedures.  This is required to obtain a reasonable understanding of the 
deposits. 

 
b) Depressional Deposits 
 

 Small lakes or bogs formed in depressions (created by glacial action) have been filled, not 
only with mineral matter washed in by eroding streams, but also with the organic remains of 
swamp plants.  Depending upon the relative amounts of mineral and organic materials 
which have accumulated in a given depression, the soil may vary: from a peat deposit; to 
a dark colored, predominantly mineral soil, which is classified as an organic silt or an 
organic clay.  As a result of sedimentation and the high water table, which generally 
prevail in a depressional area, these deposits normally have high moisture contents.  
Consequently, serious highway problems may occur because of their compressibility when 
loaded.  In addition, as a result of their high moisture content, the cohesion and resistance 
to shear of these depressional organic deposits is low.  Accordingly, cut slopes in these 
materials may not be stable. 

 
c) Colluvium 
 

 Colluvial deposits are formed along steeper slopes by the processes of: slopewash and 
small scale landsliding, flowing, and slumping.  The texture of the colluvium reflects its 
source material which, quite commonly, is loess.  Near rocky valley walls, many rock 
fragments may be incorporated. 

 
d) Artificial Fill Materials 
 

 These highly variable materials reflect the activity of man.  They include the following:  spoil 
banks of strip mines and quarries, “gob” piles of underground coal mines, “sanitary” 
landfills, and the many forms of fills and embankments associated with various engineering 
and construction projects.  Except for the latter types, which were probably placed under 
varying quality control conditions, most of these materials were not compacted when 
placed.  These materials will also exhibit great ranges in texture, composition, and moisture 
content. 

 
10 - THICKNESS OF PLEISTOCENE DEPOSITS - BEDROCK TOPOGRAPHY 
 

 Figure I.10 shows the generalized thickness of Pleistocene deposits, in Illinois.  The bedrock, 
or Sub-Pleistocene topography is presented in Figure I.11.  The patterns of thickest drift and 
the corresponding areas of bedrock valleys, outline the major lines of pre-glacial and early 
Pleistocene drainage.  Of major interest is the Teays-Mississippi River System.  The Teays 
River was a major pre-glacial or early glacial stream, originating in West Virginia.  After 
crossing Ohio and Indiana, it entered Illinois in the vicinity of the Iroquois-Vermilion County 
Line, and flowed west to join the Ancient Mississippi Valley in Mason County.  The Ancient 
Mississippi River flowed southeast from the modern Mississippi Valley (in Whiteside County), 
to the Big Bend area (of the modern Illinois Valley), and then down, essentially, the present 
Illinois River Valley.  After a temporary diversion during the Illinoian, a Wisconsin glacier finally 
diverted the Mississippi River through the Rock Island area; where it, ultimately, flowed into the 
Ancient Iowa River, which occupied the present Mississippi Valley (south of Keokuk, Iowa). 
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Figure I.10   Thickness of Glacial Drift of Illinois 
(From Illinois State Geological Survey - Bulletin 94) 
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Figure I.11 Topography of the Bedrock Surface of Illinois 
(From Illinois State Geological Survey - Bulletin 94) 

 
 
 

I-27 
 



 
January 1999 

 
11 - BEDROCK DEPOSITS 
 

 Bedrock outcrops are widely distributed throughout Illinois, exceptions to this are: extreme 
northeastern Illinois; east-central Illinois; the Green River Lowland; the Cache Valley, south of 
the Shawnee Hills; the floodplains of the Mississippi, Ohio, Wabash and lower Illinois Rivers.  
In the northwest, west, southwest, and south portions of the State, bedrock is frequently close 
to the ground surface and can be an important factor in highway design.  Even in these latter 
areas, some of which are unglaciated, rock land surfaces are rare.  Except on steep slopes, 
the surface deposits are unconsolidated. 

 
 Excluding some thin igneous dikes and sills (in Gallatin, Hardin, Pope, Saline, and Williamson 

Counties), the exposed bedrock in Illinois is sedimentary strata.  In order of abundance, these 
strata include: shale, limestone and dolomite, sandstone, and coal.  Figure I.3 shows the areal 
distribution of strata by geologic age.  Table I-2 shows the vertical relationship, character, and 
thickness of the principal bedrock formations of Illinois.  The Geologic Map of Illinois, 1967 
edition, and reports on specific areas should be consulted for a more detailed mapping and 
listing of strata. 

 
 The character of a sedimentary rock unit is influenced by source area, depositional agent and 

environment, and subsequent geologic history; including lithification, possible alteration, and 
weathering.  Frequently, the latter factor is of major concern in highway engineering.  A highly 
generalized description of the main sedimentary rock types of Illinois, and common 
engineering geology aspects is presented below. 

 
a) Shale 
 
 Shales are compacted and cemented muds composed, primarily, of clay minerals and 

lesser amounts of silt-sized particles.  Many shale units are laminated, others are thick-
bedded or massive.  There are many varieties of shale which includes the thick, massive 
Maquoketa Shale; and the fissile (very thin-bedded) black shales of the Pennsylvanian. 

 
 Shales weather readily, and are usually buried under their own debris.  Shales rarely crop 

out, except on very steep slopes or cliffs, where erosion is active.  The product of their 
weathering is a soil which varies with the original composition.  A gummy plastic and 
impervious clay, with a varying silt content, is common.  This material has a tendency to 
absorb water and to flow downslope. 

 
 Shale may be an acceptable subgrade and foundation material, if graded to prevent water 

from ponding in the immediate area.  Slides in shales are common.  In shale cuts where 
the strata dips towards the road, the toe of the slope should be set back.  This allows 
space for the accumulation and removal of slide debris.  Deep cuts in shale should be 
benched at intervals, to prevent excessive sheet erosion.  The benches should provide 
adequate maneuver area, for debris removal equipment, and should be well-drained. 

 
  Underclay, a grayish massive indurated clay, is frequently present in the Pennsylvanian 

section and is a variety of shale.  Underclays will occur in a position directly beneath a coal 
bed.  However, in western and northern Illinois, especially in the lower Pennsylvanian; the 
coals may be absent.  A few thin, local coal beds do not have underclays.  When wetted, 
underclays become plastic and are subject to flowage. 
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b) Limestones and Dolomites 
 
 These two rock types are carbonate rocks and originated as accumulations of limey mud 

and shell materials, deposited under varying conditions, by various agents.  Most 
dolomites appear to have been formed by the replacement of calcite, which is the major 
mineral constituent of limestone.  Chert is a common accessory mineral in both rock types.  
In addition, and in very limited areas of the State, both limestone and dolomite are replaced 
by zinc and lead ores, and fluorspar, as well as chert. 

 
 The residual soils developed in areas of limestone and dolomite bedrock reflect the 

impurities in the parent rock.  During weathering, the carbonate material is removed in 
solution.  Usually, such insoluble impurities are clay and chert, with some silt and sand.  
The most common type of soil is a well-drained, yellow to red clayey soil, called residuum; 
with a blocky structure, and containing angular chert fragments.  The soil structure is 
destroyed on reworking.  The resulting, compacted material is frequently plastic and 
impervious. 

 
  In highway engineering, these rock types are of major interest for two reasons.  First, they 

are a major source of aggregate and road material.  Second, they are susceptible to 
solution.  The second item is of special concern.  As carbonic acid (formed by the 
combination of water and carbon dioxide) circulates through a limestone or dolomite rock, it 
dissolves the carbonate material and carries it away in the underground drainage system.  
Such solution is, obviously, most intense along the joints and bedding planes of the rock 
unit.  Features resulting from this solution activity include: widened joints, caves and other 
openings, sinkholes, a highly irregular bedrock surface, rubble filled collapse zones, and 
“floating” ledges of solid rock embedded in a residual clay.  In areas where the solution has 
been extensive, karst topography frequently forms.  Such an area is characterized by 
numerous sinkholes and solution valleys, a lack of surface streams, presence of springs 
and, usually, an underground drainage system developed in a network of solution cavities.  
Karst topography is frequently developed in the area where the Middle Mississippian 
limestones crop out from southern Calhoun County, through Monroe County, to Jackson 
County, and east to the Cave-In-Rock area.  In addition, a buried karst area (developed in 
Silurian dolomites) is present in the Joliet area. 

 
  Engineering geology problems in karst areas include: determination of the irregular 

bedrock surface, and the presence of underground cavities.  Bedrock data from foundation 
borings, in karst areas, should be carefully interpreted.  In addition, “proof-drilling” or core 
drilling should be considered, to determine that a sufficient thickness of intact rock is 
present below spread footings.  If relatively deep rock cuts are planned in a karst area, the 
possibility of encountering solution openings and/or rubble filled collapse zones should be 
considered.  The presence of these features can have an important influence on cut slope 
stability. 

 
  The handling of sinkholes along a new alignment should also be carefully considered.  

Usually, in karst areas, a sinkhole has the important role of collecting and funneling surface 
runoff into the subterranean drainage system.  Stripping of the topsoil and its vegetation 
cover may expose a subsoil which, during a rainstorm, could erode and plug a sinkhole.  If 
an embankment is to be constructed over a sinkhole, the latter should be securely plugged.  
If continued drainage is desired, an inverted filter should be constructed in the sinkhole to 
prevent loss of fines and settlement of the overlying fill. 

 
  Generally, limestone is a good subgrade and foundation material,  except when solution 

features occur. 
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c) Sandstone 
 

 Sandstones are composed mostly of cemented sand-sized grains of quartz, the most 
chemically resistant mineral.  They are usually the most erosion resistant rock in Illinois.  
Prominent cliffs are formed in sandstones, where the Chester and Lower Pennsylvanian (M 
& P1, Figure I.3) crop out, in southern and southwestern Illinois. 

 

 The cementing material in sandstones may be calcium carbonate, silica, or iron oxides.  
The resistance of the sandstone to weathering and the resulting soil, depends mainly on 
the character of the cement.  Weakly cemented sandstones form sandy soils.  Firmly 
cemented sandstones form silty and sandy clay soils.  Shaley sandstones, which are 
common in the central part of the State (P2 and P3, Figure I.3), weather to clayey soils. 

 

 Generally, sandstones are competent subgrades and foundation materials.  Rock 
excavation, and seepage into cuts are the principal engineering problems.  Occasionally, 
the upper part of a sandstone unit may become extremely hard due to “case hardening” 
(additional secondary cementing by iron oxides).  This development can give rise to an 
unwarranted interpretation of the competency of the entire rock unit, if only shallow rock 
borings are taken. 

 

d) Coal 
 

 There are more than 40 coal seams in Illinois, of which about 20 have been mined 
commercially.  A maximum coal thickness of 4 m (14 ft) is known.  Currently, mined coal 
will range from 0.6 to 3 m (2 to 10 ft) in thickness. 

 

 All minable coals in Illinois are found in rocks of Pennsylvanian episode.  Principally, mined 
coals include the Colchester (No. 2); Springfield (No. 5); and Herrin (No. 6) coals, in the 
Carbondale Formation; and Danville (No. 7) coals, in the Shelburn Formation.  These 
coals, as with other Pennsylvanian rocks, occur in repeating series of alternating rock types 
called cyclothems. 

 

e) Interbedded Sedimentary Rocks 
 

 Sedimentary deposits reflect not only the environment of deposition, but also the 
composition, relief, and climate of the source area.  As these conditions are not always 
static, the character of a sedimentary section changes both horizontally and vertically.  
Bedding planes and other discontinuities, and varying lithologies reflect these changes.  
Pure limestones grade laterally into shaley limestones and then into shales, for example.  
These variations are most pronounced in the Pennsylvanian and in the Chesterian Series 
of the Mississippian. 

 

  The lateral and vertical variation of the character of sedimentary rocks has an important 
influence on the behavior and stability of the slopes in rock cuts.  The greater the number 
of different rock units present, the greater the divergence from a uniform condition.  
Permeability, and resistance to weathering and erosion are two important factors to be 
considered.  The presence of a permeable sandstone or creviced limestone overlying an 
impermeable shale, in a cut, could result in excessive seepages and springs along a back 
slope.  If the same rock sequence was inclined into a cut, the buildup of ground water on 
top of the shale could decrease the shearing resistance at the contact, to the point that 
rock slides might develop.  As noted earlier, shales frequently weather quite rapidly.  If, in a 
cut, a shale is overlain by more competent strata; such as, sandstone or limestone, the 
weathering and subsequent erosion of the shale may undercut the more resistant overlying 
rock units, and rockfalls may result.  Remedial or preventive methods usually involve 
benching on top of shale units.  Such benches should be well-drained, possibly even 
paved.  Preventing water from coming into contact with an exposed shale should be a 
major concern during design. 
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f) Mined-Out Areas 
 

 In many areas throughout the State: coal, limestone and dolomite, shale and clay, lead and 
zinc, and fluorspar have been mined.  Mining has been both underground and open-pit 
(strip) mining.  The stability of the ground surface over an underground mine is of interest 
in highway engineering.  In addition to knowing the extent of surface mines, pits, and 
quarries, the engineer is also interested in the waste products or spoil banks of these 
workings.  The waste from coal strip mining is the most extensive in the State. 

 
 Subsidence of the ground surface, due to mine collapse, has developed over both longwall 

and room-and-pillar coal mines in the Pennsylvanian strata.  Numerous cases of 
subsidence are on record.  Most subsidence is nearly contemporaneous with extraction, 
but some occurs much later.  Mine collapse results from both roof failure and pillar failure, 
due to outward squeezing of the underclay beneath the pillars. 

 
 Mine operators are required by law to submit an annual, up-to-date map of their operations 

to the County Recorder, but many of the early mines antedated the law and are uncharted.  
Most of these early mines are near the outcrop of the principal coal seams. 

 
  The Illinois State Geological Survey periodically prepares regional “Mined-Out Maps”, 

copies of which can  be obtained from the Survey.  Strip mines for coal presently go as 
deep as 100 ft, to mine 6 ft of coal or less.  The Illinois State Geological Survey has 
undertaken a study of the “Strippable Coal Reserves of Illinois.”  Maps included in the 
various regional reports of  this  study indicate: coal outcrops, thickness of coal, 
overburden thickness, and mined-out areas. 

 
  The lead and zinc mines of Jo Daviess County and southwestern Wisconsin have two 

records of subsidence.  In November 1972, a hillside on the Ed Bautsch farm collapsed.  
An area 91 by 213 m (300 by 700 ft) subsided about 46 m (150 ft).  Fifty years earlier a 
similar subsidence occurred over the Kennedy Mine, across the state line in Wisconsin. 

 
  In southeastern Illinois, the history of subsidence over fluorspar operations varies.  The 

underground workings of the blanket “Spar”, of the Cave-In-Rock area, are in competent 
beds of sandstone and limestone, and no subsidence is anticipated.  In the Rosiclare-
Eichorn areas, near surface underground workings have caused some subsidence.  In both 
fluorspar areas, exploration pits and open trench mines have been poorly filled, and 
subsidence over these can be expected.  Thus, it is important to locate old mines and 
exploration pits. 

 
  Other old, and generally abandoned, underground mines were formerly worked to obtain 

shale and clay (for bricks, pottery, and other ceramic items).  The major deposit involved 
was the Pennsylvanian Cheltenham Clay (P1, Figure I.3).  This unit was mined in western 
and southern Illinois, and in LaSalle County along the outcrop of the Spoon Formation.  
With regards to mine collapse and surface subsidence, clay and shale mines probably 
behave similar to coal mines. 

 
  Surface subsidence over an underground limestone mine (in the form of steep sided sinks) 

is evident near Oglesby, in LaSalle County. 
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  A heavy concentration of oil and gas wells exists in parts of southern Illinois.  The liquids 

and gases removed from sedimentary strata, do not leave large cavities.  However, 
removal of liquids and gases reduces the pore pressures in the porous rock, and may 
result in subsidence at the surface.  In general, the rate of subsidence is slow and the bowl 
of depression is large.  The settlements are apparent only after long time intervals.  
Nevertheless, such subsidence may have design implications. 

 
12 - STRUCTURAL GEOLOGY AND SEISMIC ACTIVITY 
 

 As indicated on the “Geologic Map of Illinois”, 1967 edition, the bedrock of Illinois has been 
deformed by a series of structural features.  Foremost of these would be the Illinois Basin, a 
statewide downwarping of Paleozoic strata, and its flanking Ozark Dome, and Mississippi River 
and Kankakee Arches.  Superimposed on these large scale features are smaller scaled folds 
and faults; which includes the LaSalle and Waterloo Anticlines, and the Gap-Au-Gres Flexure 
Zone.  Also included are the following fault zones: Sandwich, Plum River, Cottege Grove-
Shawneetown, and Wabash Valley. 

 
 The New Madrid Fault Zone is located in northeastern Arkansas and southeastern Missouri 

(the “Bootheel”).  To date, it is believed that the New Madrid Fault Zone does not continue into 
the bedrock of Illinois.  It should be emphasized that all of these fault zones are zones.  The 
past movements have occurred on multiple fault planes.  Furthermore, to date, no ground 
surface displacement has been attributed to any historical earthquake in Illinois.  None of these 
zones, with the exception of the New Madrid Fault Zone, and possibly, the Wabash Valley 
Fault Zone would be considered “active” today. 

 
 The seismic history of Illinois, and the driving force behind the need to consider the application 

of seismic design factors in present designs, is dominated by the so-called “New Madrid 
Earthquakes” of 1811-1812.  Beginning in December of 1811, and continuing at least into 
February of 1812, the Mid-Continent area of the Missouri Bootheel and northeastern Arkansas, 
and adjacent southern Illinois, and western Kentucky and Tennessee were hit by a series of 
damaging earthquakes.  It is now recognized that among the series of hundreds of individual 
tremblers, three main events can be identified.  These three shocks have been characterized 
as, probably, the largest magnitude earthquakes ever to occur in the continental 48 states. 

 
 The earthquake motion was felt from the Denver, Colorado area to the East Coast.  Obviously, 

these events predated the introduction of standard seismographs.  Thus, only generalized 
references to Richter magnitude scales can be made.  Intensity levels for the major events 
were determined by the late Professor Otto Nuttli, of Saint Louis University; and indicate levels 
comparable to that experienced during the San Francisco 1906 Earthquake. 

 
 Due to continuing low magnitude (mostly below the threshold of human response) 

earthquakes, originating in the New Madrid area, the modern seismicity of the mid-continent 
area has been widely questioned.  In the 1950’s and ‘60’s, largely in response to seismicity 
questions arising from nuclear power plant design, numerous geologic and geophysical studies 
were initiated in the area.  Finally, results processed from a micro-seismographic network 
indicated, for the first time, where subsurface movements were occurring on a previously 
unknown series of faults in the New Madrid region.  Low magnitude (3.0 or less) earthquakes 
continue to occur in this area on almost a daily basis, demonstrating that the zone has a 
potential for possible major movements.  It is this zone’s history and continuing activity, that 
warrant today’s seismic design concerns. 
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13 - PEDOLOGY 
 

 The function of soil survey and soil classification procedures is to furnish adequate information 
for highway design.  The complexities and non-uniformity of soil, as a construction material, 
require adequate and economical methods to identify and classify soil, and soil deposits.  One 
system which provides a basic approach to soil interpretation, for the design of highways, is 
the pedological system of classification.  The pedological system was developed primarily for 
agricultural purposes, and is used extensively in the preparation of county soil maps and 
reports.  The pedological system, in addition to information and data pertaining to engineering 
properties, is a valuable classification for highway use. 

 

 The pedological system deals with soil as a natural body, and classifies the soil profile on the 
basis of natural soil-forming factors: parent material, drainage (topography), climate, 
vegetation, and age.  Wherever these soil forming factors are identical, the soils will be found 
to be the same.  Similarly, wherever the highway subgrade lays in the same horizon of the 
same pedologic soil, subgrade performance should be the same, regardless of geographic 
location.  This has been demonstrated, by experience, in several states and holds true 
because texture, water table, frost index, and capillarity are inherently a part of the pedological 
classification.  In addition, the system permits the delineation of boundaries and identifies soil 
units (series) within these boundaries, thereby, giving the soil classification a real significance.  
Furthermore, when samples are taken for laboratory testing, they also can be selected as 
representative of certain profiles.  The greatest benefits are obtained when soil index 
properties, construction problems, and field performance can be correlated directly with the 
pedologic classification.  The time to acquire all of this information requires many years of 
observations, but some data is presently available.  This information is compiled and updated 
in the form of County Soil Survey Reports, published regularly by the USDA/SCS.  Estimates 
of field performance can often be made on the basis of soil profile characteristics, and a 
general knowledge of the behavior of pavements on various kinds of soil materials.  Since 
highway soil engineering, in Illinois, could benefit greatly by the use of the pedological system, 
the following sections describe its characteristics. 

 
14 - THE SOIL PROFILE 
 

 Immediately after the deposition of material by any geologic process, the forces of chemical 
and physical weathering begin to attack it.  These forces are most effective in altering the 
material exposed at the surface.  Weathering leads to the development of layers or horizons 
of material, in varying episodes of alteration.  The total of all these horizons exposed in a cut or 
section, at any particular location, constitutes the profile of soil weathering, the pedologic 
soil profile, or simply the soil profile.  The engineer should bear in mind that this soil profile is 
not, in most cases, synonymous with the usual conception of a soil profile.  The latter may 
extend from the surface, to considerable depths, through all unconsolidated material above 
bedrock.  Thus, the engineer’s profile will usually include horizons which are due to deposits, 
as well as those produced by weathering.  If several deposits extend close to the ground 
surface, it may be difficult to distinguish between the character of the horizon as deposited, 
and the alterations which have taken place due to weathering from the surface downward. 

 

 A hypothetical pedologic soil profile is shown in Table I-3.  The profile contains three principal 
or major horizons, designated as A, B, and C.  The uppermost horizons are often further 
subdivided on the basis of minor variations occurring in the zones, which are transitional from  
one  horizon  to the other.   It is extremely  unlikely  that  any particular  soil profile would show 
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 all of the horizons, as shown in Table I-3.  From the engineering standpoint, it is usually 

sufficient to deal only with the principal horizons.  In humid regions, the uppermost horizon, A, 
has been subjected to the most rigorous attack.  Consequently, it normally contains relatively 
small amounts of soluble constituents and clay-size particles.  On the other hand, it is usually 
the highest in organic matter content. 

 
 The leached or eluviated A horizon gradually changes, at its base, into the second horizon, B, 

in which fine grained material has been deposited.  The deposition or illuviation process has 
joined together fine particles into larger particles or aggregates.  This aggregation usually 
results in the development of a structural arrangement of visible fragments, which are often 
characteristic of the various conditions of soil formation.  Such structural development is nearly 
always lacking in the horizons below the B. 

 
 Generally, there is a gradual change from the B horizon into the relatively unaltered material, 

which is representative of the original deposit.  Depending upon the normal position of the 
ground water table, some leaching of soluble constituents or oxidation of the iron compounds 
may have taken place in the upper part of this third, C, horizon.  Usually, however, the material 
will be texturally similar to the original deposit and relatively unaltered from the engineering 
standpoint.  It has been previously mentioned, that the surface deposits in a large part of 
Illinois consist of a layer of loess, underlain by glacial drift.  Consequently, many Illinois soils 
have a C horizon composed of relatively unaltered loess, which is underlain at variable depth 
by a horizon of glacial drift.  This underlying horizon would be designated as IIC.  If part of the 
B horizon extended into the glacial drift, the lower B would be properly designated as IIB. 

 
 Soil profiles are classified according to their characteristics, both internal and external, and 

they are grouped on the basis of these characteristics into mapping units.  A mapping unit 
commonly includes a series, type, and phase designation.  Areas that have no true soil profile; 
such as, lake beaches, rock outcrops, or mine dumps are usually designated as 
miscellaneous land types. 

 
 
 In describing the typical soil profile the following features are considered: 
 

• Number of horizons in the profile. 
 

• Thickness of horizons in the profile. 
 

• Relative arrangement of horizons in the profile. 
 

• Percent organic matter, usually reflected in the color of the horizon. 
 

• Drainage class, as influenced by surface slope, permeability of soil, and position of water 
table.  The water table is usually reflected in the brightness of color, and presence or 
absence of mottling. 
 

• Texture and structure of horizons. 
 

• Chemical and mineralogical composition. 
 

• Concretions and other special formations. 
 

• Vegetation. 
 

• Geology of the parent material. 
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15 - PEDOLOGIC CLASSIFICATION AND MAPPING UNITS 
 

a) Soil Series 
 

 The most important unit of soil classification is the soil series.  A soil series includes all 
soil profiles, which are essentially similar with regard to the features listed previously.  
Thus, the series includes soils having essentially the same color, structure, and other 
important internal characteristics; and the same natural drainage conditions, and range in 
relief.  The soil series, usually, derives its name from a geographic feature near where it 
was first identified.  Thus:  Drummer, Miami, and Tama are common names of soil series in 
Illinois. When the soil series is used as a mapping unit, on county soil maps, the 
boundaries do not, necessarily, enclose an area in which all of the soil profiles have the 
characteristics of the series.  However, at least 85 % of the area enclosed should have 
those characteristics. 

 

b) Soil Type 
 

 A given series may be subdivided into one or more soil types, which are defined according 
to the texture of the upper portion (A horizon) of the soil.  Thus, the class name of the soil 
texture; such as, sand, loam, silt loam, or clay is added to the series name, to give the 
complete name of the soil type.  The textural characteristics of all horizons are based upon 
a classification system adopted by the USDA/SCS, which differs slightly from those 
commonly used in highway engineering work.  Figure I.5a shows the textural classification 
diagram and the size ranges of each of the soil separates (which are used for classifying 
soils in all pedologic publications).  In modern Illinois county soil reports, the use of soil 
series and type names is practically synonymous.  That is, very few series include more 
than one type.  The same comments about the use of soil type as a mapping unit apply, as 
noted under soil series. 

 

c) Soil Phase 
 

  A phase of a soil type is a variation which differs from the basic soil type, in a minor 
surface characteristic, that has practical significance.  The degree of stoniness or slope are 
examples of such subgroups. 

 

d) Soil Association 
 

 As a result of variations in local relief, drainage, solum texture, and color; one particular soil 
series usually covers only a rather limited contiguous area of the earth’s surface.  Normally, 
several series which were developed at the same time, from similar parent material, under 
similar natural vegetation are intermingled.  Thus, when pedologic maps are prepared, it is 
found that a few major series, and perhaps, several minor series are associated in a 
pattern that is distinctive, although not entirely uniform.  The group of soils that occurs in 
such a characteristic pattern is called a soil association, and is named for the major 
series included.  Sidell-Catlin-Flanagan-Drummer, Hoyleton-Cisne-Huey, and Seaton-
Fayette-Stronghurst are typical associations in Illinois.  For most associations, the 
significant difference in a series is topography.  Therefore, a fairly accurate detailed 
pedologic map may be prepared from a soil association map; by knowing the soil series, 
topography relationships, and a study of the topography of an area.  Aerial photographs, 
especially those providing stereo coverage, provide a convenient means of mapping a soil 
series within a given association.  Unfortunately, the number of published association maps 
is small.  However, when soil association maps are available, they provide a means of 
updating soil maps, and making maps when no detailed pedologic maps are available.  
Figure I.12 is a general soil association map of Illinois, provided by the University of Illinois 
Agricultural Experiment Station.  The original publication contains a larger scale map, in 
color. 
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Figure I.12   Generalized Soil Map of Illinois 
(Compiled and prepared by the USDA SCS) 
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APPENDIX II 

 
 

IBR/IBV TESTS AND LABORATORY 
EVALUATION/DESIGN PROCEDURES 

 
 
 
 
1  -  INTRODUCTION 
 

 
This appendix contains the following attachments: 
 
Attachment II-A: Method of Determining the IBR and the IBV of Soils,  
   Treated Soils and Aggregates 
 
Attachment II-B: Lime Stabilized/Lime Modified Soil Mixtures  
   Laboratory Evaluation/Design Procedure 
 
Attachment II-C: Soil-Cement Mixture 
   Laboratory Evaluation/Design Procedures 
 
Attachment II-D: Cement-Aggregate Mixture 
   Laboratory Evaluation/ Design Procedures 
 
Attachment II-E: Pozzolanic-Stabilized Mixture 
   Laboratory Evaluation/Design Procedure 
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ATTACHMENT II-A 

 
State of Illinois 

Department of Transportation 
Division of Highways 

Springfield 
 

METHOD OF DETERMINING THE IBR AND THE IBV 
OF SOILS, TREATED SOILS AND AGGREGATES 

 
 
1. IBR Test 
 
 (a) Scope 
 
  (1)  This test method is for determining the Illinois bearing ratio (IBR) of treated or 

untreated base, subbase, and subgrade materials; prepared at the OMC and SDD, 
and soaked in water for four days.  The IBR, thus obtained, will primarily be used 
for pavement design.  The IBR is the same as the CBR, determined according to 
AASHTO T 193, except for the slight modifications described herein for the IBR 
test.  Since the IBR is assumed to have the same numerical value as the CBR for 
design purposes, AASHTO T 193 may be used in lieu of the IBR test. 

 
  (2) This test method is also for determining the extent to which materials will expand or 

swell during a four-day soaking period. 
 
 (b)   Apparatus 
 
  Apparatus shall meet the requirements of AASHTO T 193, except that subsection 4.8 

shall be replaced by the following: 
 
  Loading Device - A compression type apparatus capable of applying a uniformly 

increasing load, up to 267 kN (60,000 lb.), at a constant rate of 1.3 mm (0.05 in.) per 
minute (see Note 1).  This loading device is to be used for compacting the material in 
one layer, and for the penetration test. 

 
Note 1. Some soils (such as silts) may require greater than 270 kN (60,000 lb.) load to 

fully compact the sample.  
 
 (c) Sample 
 
  Sample preparation shall be according to AASHTO T 193 and T 224, if applicable, with 

the following modification: 
 
  (1) Duplicate test specimens are required (see Note 2). 

 
  Note 2. Two test specimens are necessary to determine whether an individual 

specimen is being unduly influenced by the arrangement of the coarser 
particles, or by unequal moisture distribution. 
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 (d) Procedure 
 
  The procedure shall be according to AASHTO T 193, except that Section 7.1.4 shall be 

replaced by the following: 
 
  (1) Determine the mass of dry soil or material and the amount of water required to 

make a compacted sample at the OMC and SDD, previously determined according 
to AASHTO T 99 (Method C).  Thoroughly mix the soil and water until a 
homogeneous mixture is obtained. 

 
  (2) Place the moist soil or material into the mold, tamping lightly, if necessary, (a piece 

of wax paper on the solid base plate will prevent the material from adhering to the 
metal plate).  Place a solid steel plate [25.4 (1 in.) minimum thickness and 151 mm 
(5.95 in.) minimum diameter] into the compaction mold.  The sample shall then be 
compacted (pressed) in one layer, using the loading device.  During the final 12.7 
mm (1/2 in.) of compaction, the head of the loading device shall be operated at the 
rate of 1.27 mm (0.05 in.) per minute.  The load shall then be released slowly. 

 
  (2) The height of the compacted specimen shall be measured and recorded, and the 

assembly and specimen shall be weighed.  The mass of specimen shall be 
recorded as the compacted mass of specimen. 

 
 (e) Penetration Test 
 
  Penetration test shall be according to AASHTO T 193. 
 
 (f) Calculations 
 
  The IBR shall be calculated according to AASHTO T 193.  The following standard loads 

be used: 
 
 Penetration  Standard Load * Standard Load 
   mm (in.)    N (lb)       kPa (psi)  
 
   2.54 mm (0.1 in.) 13,344 N (3,000 lb) 6,895 kPa (1,000 psi) 
   5.08 mm (0.2 in.) 20,016 N (4,500 lb) 10,342 kPa (1,500 psi) 
  
 * On a 1,935 mm² (3 in.²) end area 
 
 (g) Report 
 

Report requirements shall be according to AASHTO T 193, except that the compactive effort 
need not be reported and that the following data shall also be recorded and reported for 
each of the samples tested: 

 
  (1) OMC (%), as determined according to AASHTO T 99, Method C. 
 
  (2) SDD [kg/m³ (pcf)], as determined according to AASHTO T 99, Method C. 
 
  (3) The IBR (%) to the nearest tenth on values below 10, and to the nearest whole 

number for values above 10. 
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2. IBV Test  
 
 (a) Scope 
 
  This test method is for determining the immediate bearing value (IBV) of treated or 

untreated subgrade materials prepared at a range of moisture contents.  The test is 
conducted immediately after compacting the material, according to AASHTO T 99, 
without soaking in water.  The IBV, thus obtained, will primarily be used for determining 
the subgrade stability under construction traffic, the need for subgrade treatment and 
the depth of treatment.   

 
 (b)   Apparatus 
 
  Apparatus shall meet the requirements of AASHTO T 99 (Method C), except that a 

penetration piston and a loading device meeting the requirements of AASHTO T 193 
shall also be used. 

 
 (c) Sample 
 
  Samples shall be prepared according to AASHTO T 87 and T 99 (Method C). 
 
 (d) Procedure 
 
  (1) Compaction - Samples shall be compacted according to AASHTO T 99 (Method C) 

at a range of moisture contents to establish the moisture-density relationship. 
 
  (2) Penetration Test - Penetration test shall be conducted according to AASHTO T 193 

on each sample, immediately after compaction without soaking in water. 
 
 (e) Calculations 
 
  The IBV shall be calculated according to AASHTO T 193, using the standard loads 

provided in 1(f) above.  
 
 (e) Report 
 
  The dry density and the IBV shall be plotted versus the moisture content.  The dry 

density and the IBV at the OMC, or at a specified field moisture content, shall be 
reported.   
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ATTACHMENT II-B 
 
 

State of Illinois 
Department of Transportation 

Division of Highways 
Springfield 

 
 

LIME STABILIZED/LIME MODIFIED SOIL MIXTURES 
 

LABORATORY EVALUATION/DESIGN PROCEDURES 
 
 
 
1. Scope 
 
 The addition of lime to a soil may result in beneficial results, either as a stabilizing agent 

associated with strength gain through a pozzolanic reaction, or as a modifying agent with a 
resultant increase in the IBV and drying effect. When lime treatment is used to construct a 
subbase, the test method for lime stabilized soils would apply (Method A).  When lime 
treatment is used only for construction expedience, the test method for lime modified soils 
(Method B) would apply. These methods describe the preparation and testing of lime-soil 
mixtures for the purpose of recommending a design lime content for stabilization or 
modification.  The methods can also be used for evaluating the properties of the lime-soil 
mixtures.  The criteria of selecting the optimum lime content for each case (stabilization or 
modification) are different. 

 
 
2. Method A 
 
 In this method, the SDD and the OMC of the untreated soil and the soil-lime mixtures at 

different lime contents are to be determined.  The lime content is designated as a 
percentage, by mass of the oven dry soil.  The soil-lime mixtures are to be proportioned 
within the limits of 3 to 8% lime content.  The unconfined compressive strength is to be 
determined at the OMC, or at a specified field moisture, for the untreated soil and for each 
mixture. The design lime content that meets the strength criteria, stipulated in this method 
for lime stabilized soil mixtures, is to be determined. 

 
 (a) Apparatus 
 
  (1) Specimen Mold Assembly - Mold  cylinders  51 mm  (2 in.)  in diameter by 102 mm 

(4 in.) in height, base plates, and extension collars shall conform to the details 
shown in Figure II-B.1. 

 
  (2) Compaction Hammer - The compaction hammer (Figure II-B.2) shall have a flat, 

circular  tamping  face;  and  a  1.81 kg  (4 lb)  sliding mass, with a free fall of 305 
mm (12 in.). 
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  (3) Sample Extruder - A jack, lever frame, or other suitable device adapted for the 
purpose of extruding compacted specimen from the specimen mold (Figure II-B.3). 

 
  (4) Balance or scale - Minimum 5 kg (10 lb) capacity, sensitive to 0.1 g. 
 
  (5) Oven  -  Thermostatically  controlled,  capable of  maintaining  temperatures  at 49º 

± 2º C (120º ± 4º F), and at 110 ± 5º C (230º ± 9º F). 
 
  (6) Curing Containers - The curing containers shall be capable of maintaining a 

positive moisture seal, as the specimens are to cure at the molding moisture 
content. 

 
  (7) Compression Device - The compression device may be of any type, which 

maintains a minimum capacity of 8.9 kN (2,000 lb).  The load shall be applied 
continuously, and without shock.  The moving head shall travel at a constant rate 
of 1.27 mm (0.05 in.) per minute. 

 
  (8) Miscellaneous  Equipment - Equipment  necessary  to  accomplish  AASHTO T 87, 

T 88, T 90, T 99:  scarifier, trimming and carving tools, moisture content cans, and 
data sheets, as required. 
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Figure II-B.1  Specimen Mold Assembly 
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(b) Samples 
 
 Samples of soil and lime shall be provided, as specified in the Standard  Specifications. 
 
(c) Procedure 
 

(1) Soil Preparation - The soil, as received, shall be prepared for test according to 
AASHTO T 87 and T 99. 

 
(2) Mechanical Analysis - The particle size analysis of the soil shall be determined 

according to AASHTO T 88. 
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Figure II-B.2  Compaction Hammer 
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  (3) PI of Soil  -  The PI of the soil shall be  determined  according to AASHTO T 90. 
 
  (4) Moisture-Density Relationship - The moisture-density relationship of the soil-lime 

mixture shall be determined according to AASHTO T 99 (see Note 1). The soil and 
lime shall be dry mixed until a homogeneous mixture is obtained.  The water shall 
be added, and the mixture thoroughly re-mixed.  The moist mixture shall then be 
placed in a suitable container, formed into a lightly compacted mound, and then 
sealed to prevent moisture loss.  The mixture shall be allowed to mellow for a 
period of one-hour before compaction. 

 
   Note 1. At each moisture content and each lime content, a separate, new sample 

of material shall be used, as described in Note 6  of AASHTO T 99. 
 
   Since, for most soils, there is close agreement of moisture-density relationships for 

lime-soil mixtures with 3 to 8% lime, it is generally acceptable to determine the 
moisture-density relationship at 5% lime.  Therefore, the moisture-density relations 
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Figure II-B.3  Sample Extruder 
 
 
    



January 1999 
 

II-B-5 
 

   may not have to be established for the soil-lime mixtures at other lime contents.  
Instead, the resultant OMC is then adjusted up or down 1/2% water per 1% lime 
increase or decrease, respectively, for the other mixtures. 

 
  (5) Preparation of Test Specimens - Four test specimens at each lime content to be 

considered, and four non-treated soil test specimens shall be molded at OMC and 
SDD, using the mixing procedure defined above.  Each specimen shall be 
compacted dynamically, in the 51 mm X 102 mm (2 in. X 4 in.) mold, in three equal 
layers.  The number of blows per layer, with the sliding hammer, shall be adjusted 
to obtain the SDD.  It is important, that each of the first two lifts be scarified to 
promote bonding.  The compacted sample is then trimmed, extracted, weighed, 
and mass recorded. 

 
  (6) Curing of Specimens - Cure the non-treated soil and lime-soil specimens at their 

molded moisture content, in sealed containers, in a temperature controlled oven.  
The specimens shall be cured at 49º ± 2º C (120º ± 4º F), for a period of 48 hours.  
The specimens shall then be removed from the curing containers, and cooled to 
room temperature. 

 
  (7) Compression Testing - Test each specimen to failure, at a constant rate of 1.27 

mm (0.05 in.) per minute. The compressive strength shall be determined according 
to AASHTO T 208.  Obtain a moisture sample from each failed specimen.  The 
moisture sample is for evaluating the adequacy of the container seal during the 
curing period, and calculating the dry density of the specimens.  The moisture 
content shall be determined according to AASHTO T 265. 

 
  (8) Evaluation of Compression Test Results - Compare the average maximum 

compressive strength of the non-treated specimens, to those of the soil-lime 
specimens. 

    
  (9) Design Recommendations - The minimum recommended lime content is the value 

which provides a compressive strength gain of 345 kPa (50 psi) over that of the 
untreated soil, and provides a minimum average compressive strength of 680 kPa 
(100 psi) for the treated soil.  The minimum lime content is increased by 1 % to 
offset construction loss or uneven distribution. This new value is called the design 
lime content. 

 
 (d) Report 
 
  (1) Route 
  (2) Section 
  (3) County 
  (4) Job No. 
  (5) Material Identification and Source 
  (6) AASHTO M 145 Classification and the Group Index 
  (7) IDH Textural Classification   
  (8) Laboratory  OMC and SDD (AASHTO T 99, Method A) of the Soil-Lime Mixture 
   (9)   Gradation (AASHTO T 88) 
 
 
 
  (10) The PI (AASHTO T 90) 
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  (11) Percent Lime for Test Specimens 
  (12) Compressive Strength kPa (psi) for Test Specimens (AASHTO T 208) 
  (13) Plot of Percent Lime Versus Compressive Strength 
  (14) Recommended Lime Percentage 
  (15) The IBR and the Amount of Swell (Optional) 
 
 
3. Method B 
 
 In this method, the SDD and the OMC of the untreated soil and the soil-lime mixtures at 

different lime contents are to be determined.  The soil-lime mixtures are to be proportioned 
within the limits of 2 to 6% lime content, added at 2% increments. The dry density and IBV 
are to be plotted versus the compaction moisture content, for the untreated soil and for each 
mixture.  The design lime content which provides an IBV of 10 to 12% at the OMC, or at a 
specified field moisture for the lime modified soil, is to be determined. 

 
 (a) Apparatus 
 
  Equipment and materials necessary to perform AASHTO T 87, T 89, T 90, and the IBV 

test according to Attachment II-A. 
 
 (b) Samples 
 
  Samples of soil and lime shall be provided, as required in the Standard Specifications. 
 
 (c) Procedure 
 
  (1) Plasticity Testing - Tests for the LL and PI of the untreated soil and the soil-lime 

mixtures shall be conducted according to AASHTO T 89 and T 90, respectively. 
 
  (2) Soil Preparation - The soil, as received, shall be prepared according to AASHTO T 

87 and T 99 (Method C). 
 
  (3) Soil-Lime Mixtures - At each lime content, the lime shall be added to the dry soil to 

make enough material for one compaction point according to AASHTO T 99 
(Method C). Lime and soil shall be dry mixed until a homogeneous mixture is 
obtained.  Add the required amount of water, and thoroughly re-mix until a 
homogeneous moist mix is obtained (see Note 1). 

 
  (4) Curing - The moist mixture shall be placed in a suitable container, formed into a 

lightly compacted mound, and then sealed to prevent moisture loss.  The mixture 
shall be allowed to mellow for a period of one hour before further testing (see Note 
1 above). 

 
  (5) Compaction and IBV Testing -  Compact the prepared sample (of the untreated soil 

or the soil-lime mixture) according to AASHTO T 99 (Method C).  Immediately after 
compaction, the IBV test shall be conducted according to Attachment II-A (see 
Note 2). 

 
   Note 2. After the IBV test, the sample shall be extracted from the mold and a 

specimen taken for moisture content determination according to AASHTO 
T 99. 
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  (6) Moisture-Density Relationships -  For the untreated soil, and the soil-slime mixtures 

at each lime content, repeat step (c)(5) above for a range of moisture contents to 
establish the moisture-density relationship according to AASHTO T 99 (see Note 1 
above).  For a series of lime contents using 0, 2, 4 and 6 % lime, by dry mass of 
material, four compaction curves will be plotted.  

 
  (7) Evaluation of Test Results -  Plot the dry density and the IBV versus moisture 

content for the natural soil, and for the soil-lime mixtures at each lime content 
investigated.   

 
  (8) Design Recommendation - The minimum recommended lime content is the value 

which provides an IBV of 10 to 12% at the OMC or at a specified field moisture 
content.  The minimum lime content is increased by 1/2 to 1 % to offset 
construction loss or uneven distribution. This new value is called the design lime 
content. 

 
  (9) IBR Test (Optional) - The IBR test may be conducted according to Attachment II-A 

at the design lime content and the OMC, or at a specified field moisture content.  
Curing of IBR specimens prior to soaking shall be optional, depending on 
modification objective. The amount of swell, after soaking in water for 4 days,  shall 
not exceed 3.0%.  

 
 (d) Report 
 
  (1) Route 
  (2) Section 
  (3) County 
  (4) Job No. 
  (5) Material Identification and Source 
  (6) AASHTO M 145 Classification and the Group Index 
  (7) IDH Textural Classification   
  (8) Laboratory  OMC and SDD (AASHTO T 99, Method A) of the Soil-Lime Mixture 
   (9)   Gradation (AASHTO T 88) 
  (10) The PI (AASHTO T 90) 
  (11) Percent Lime for Test Specimens 
  (12) Plots of Dry Density and IBV  Versus Moisture Content 
  (13) Plot of Percent Lime Versus the IBV 
  (14) Age of Test Specimens, When Tested 
  (15) Curing Temperature 
  (16) Recommended Design Lime Content (%) 
  (17)  The IBR and the Amount of Swell (Optional) 
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ATTACHMENT II-C 

 
State of Illinois 

Department of Transportation 
Division of Highways 

Springfield 
 
 

SOIL-CEMENT MIXTURE 
LABORATORY EVALUATION/DESIGN PROCEDURES 

 
 
 
1. Scope 
 
 This method is to determine the proportions of soil, water and either Type 1 or Type 1A 

Portland Cement which, when incorporated in a mixture with water, will provide durable 
support as a base course. 

 
 
2. Apparatus 
 
 Equipment necessary to perform Illinois Modified AASHTO T 27, and AASHTO T 87, T 88, T 

89, T 90, T 134, T 135 and  T 136. 
 
 
3. Materials 
 
 Samples of cement and soil shall be provided, as required in the “Soil-Cement Base 

Course” Section of the Standard Specifications. 
 
 
4. Procedure 
 
 (a) The soil shall meet the requirements of the “Soil-Cement Base Course” Section of the 

Standard Specifications. 
 
 (b) The  soil gradation shall  be  determined  according  to  Illinois Modified AASHTO  T 27  

and AASHTO T 88. 
 
 (c) The LL and the PI shall be determined according to AASHTO T 89 and T 90, 

respectively. 
 
 (d) Using the estimated cement content given in Table II-C.1, determine  the  moisture-

density  relationship of the soil-cement mixture, according  to  AASHTO  T 134. The “A” 
horizon soils may contain organic, or other material that may deter cement reaction, 
and may require much higher cement percentages.  For most “A” horizon soils, the 
cement contents (given in Table II-C.1) should be increased by 4 to 6 percentage 
points. 
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        Table II-C.1  Cement Requirements of AASHTO Soil Group Classification 
 

  Estimated  Cement  
  cement content contents for

AASHTO Usual range in and that used wet-dry and 
Soil cement in moisture- freeze-thaw 

Group requirement density test tests 
Classification % by volume % by mass % by mass % by mass 

 5 - 7 3 -5 5 3-4-5-7 
A-1-a 7 - 9 5 -8 6 4-6-8 
A-1-b 7 -10 5 -9 7 5-7-9 
A-2 8 -12 7 -11 9 7-9-11 
A-3 8 -12 7 -12 10 8-10-12 
A-4 8 -12 8 -13 10 8-10-12 
A-5 10 -14 9 -15 12 10-12-14 
A-6 10 -14 10 -16 13 11-13-15 

(Reprinted courtesy of the Portland Cement Association 
 
 
 
 (e) Using the cement content range shown in Table II-C.1, determine the % loss  according 

to AASHTO T 135 and T 136.  The maximum allowable losses, as determined by either 
of the tests, shall be as follows: 

 
 

   Soil Group Classification Maximum Allowable Loss (%) 
 

   A-1, A-2-4, A-2-5, A-3 14 
 

   A-2-6, A-2-7, A-4, A-5 10 
 

   A-6, A-7   7 
 
 (f) Prepare 2 specimens at each cement content, used in 4. (e) above, according to 

AASHTO T 134. Compact the specimens to the maximum dry density determined in 
4.(d) above.  Moist cure the compacted specimens for 7 days and soak it for 4 hours. 
Perform the compressive strength according to AASHTO T 22.  The 7-day compressive 
strength (with no correction for the length-to-diameter ratio) shall  meet or exceed 3500 
kPa (500 psi) or a specified design strength, whichever is greater.. 

 
 (g) The design cement content shall be the minimum required to meet the allowable loss 

and the compressive strength specified in 4.(f) above. 
 
 
 5. Report 
 
  (a) Route 
  (b) Section 
  (c) County 
  (d) Job Number 
  (e) Material Identification and Source 
  (f) Maximum Dry Density and Optimum Moisture Content (AASHTO T 134) 
  (g) % Cement by Mass 
  (h) % Cement by Volume 
  (i) Kg (lb.) of cement per m2 (ft2) per 25 mm (inch) of compacted thickness 
  (j) AASHTO Group Classification (AASHTO M 145) 



January 1999 

II-C-3 

  (k) % Loss Wet-Dry (AASHTO T 135) 
  (l) % Loss Freeze-Thaw (AASHTO T 136) 
  (m) Compressive Strength (AASHTO T 22), kPa (psi) 
  (n) The PL and PI ( AASHTO T 89 and T 90, respectively) 
  (o) Sieve and Hydrometer Analysis (AASHTO T 88 and T 100, respectively) 
 
 



 



January 1999 

II-D-1 

 
ATTACHMENT II-D 

 
State of Illinois 

Department of Transportation 
Division of Highways 

Springfield 
 

CEMENT - AGGREGATE MIXTURE 
LABORATORY EVALUATION/DESIGN PROCEDURES 

 
 
1. Scope 
 
 This method is to determine the proportions of cement and aggregate which, when 

incorporated in a mixture with water, will provide a workable, durable subbase. 
 
 
2. Apparatus 
 
 Equipment necessary to perform Illinois Modified AASHTO T 27/T 11, AASHTO T 87, T 88, 

T 89, T 90, T 99 (Method C), T 134, T 135 and T 136. 
 
 
3. Materials 
 
 Samples of cement and aggregate shall be provided, as specified in the “Stabilized 

Subbase”  Section of the Standard Specifications. 
 
 
4. Procedure 
 
 (a) Prepare the aggregate according to AASHTO T 87 and determine the moisture content 

according to AASHTO T 265. 
 
 (b) Determine the particle size gradation of the aggregate according to Illinois Modified 

AASHTO T 27/T 11 and AASHTO T 88. 
 
 (c) Determine the moisture-density relationships of the cement-aggregate mixture at 5, 6.5 

and 8% cement by dry mass of the aggregate, according to AASHTO T 134. 
 
 (d) Freeze-Thaw and Wet-Dry losses shall be determined at 5, 6.5 and 8% cement, 

according to AASHTO T 135 and T 136.  The loss in mass shall not be more than 10 % 
after 12 freeze-thaw or wet-dry cycles. 

 
 (e) The design cement content shall be the minimum required to meet the allowable loss 

specified in 4.(d) above. 
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 5. Reports 
 
  (a) Route 
  (b) Section 
  (c) County 
  (d) Job Number 
  (e) Material Identification and Source 
  (f) Maximum Dry Density and Optimum Moisture Content (AASHTO T 134) 
  (g) % Cement by Dry Mass of the Aggregate 
  (h) Particle Size Gradation (Illinois Modified AASHTO T 27/T 11 and AASHTO T 88) 
  (i) Aggregate Classifications (AASHTO M 145) 
  (j) % Loss Wet-Dry 
  (k) % Loss Freeze-Thaw 
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ATTACHMENT II-E 
 

State of Illinois 
Department of Transportation 

Division of Highways 
Springfield 

 
POZZOLANIC-STABILIZED MIXTURE 

LABORATORY EVALUATION/DESIGN PROCEDURE 
 
 
1. Scope 
 
 This method is to determine those proportions of an activator, pozzolan, and aggregate 

which, when incorporated in a mixture with water, will provide a durable subbase or base 
course. 

 
 
2. Apparatus 
 
 Equipment necessary to perform Illinois Modified AASHTO T 27/T 11, AASHTO T 87, T 88, 

T 89, T 90, T 180 (Method C),  AASHTO T 255, and ASTM C 311. 
 
 
3. Materials 
 
 Samples of aggregate, activator and pozzolan (fly ash) shall be provided as specified in the 

“Stabilized Subbase” and the “Pozzolanic Stabilized Base Course” Sections of the Standard 
Specifications.  Activator refers to either lime or cement. 

 
 
4. General Approach 
 
 For a given set of component materials, the significant factors which may be varied are the 

ratio of an activator to pozzolan, and the ratio of the activator plus pozzolan to the 
aggregate.  The activator to pozzolan ratio affects, primarily, the quality of the “matrix”; and 
the ratio of the activator plus pozzolan to aggregate, primarily, determines the quantity of 
matrix available to fill the voids of the aggregate, thus, assuring that the matrix-aggregate 
particle contact is maximized. 

 
 The concept of providing sufficient matrix to fill the voids in the aggregate is applicable, 

primarily, to aggregates containing sufficient amounts of coarse, + 4.75 mm (+ No. 4), 
aggregate, to create large void spaces.  However, in the event that the aggregate contains a 
high fraction of fine material, - 4.75 mm (- No. 4), the concern should shift to not only 
providing sufficient matrix, but to the ability of the resultant mixture to compact and remain 
stable during construction.  Thus, it may be necessary to reduce the amount of matrix in the 
mixture, or otherwise, reduce the overall fineness of the aggregate through blending. 
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5. Preliminary Testing (Optional) 
 
 Preliminary evaluations of activators and pozzolans may be performed to select the 

activator-pozzolan ratio which provides the greatest strength development.  This may be 
accomplished according to Section 9 of ASTM C 593. 

 
 
6. Preparation Of Aggregate/Pozzolan 
 
 (a) Determine  the  particle  size gradation for the aggregate and fly ash, according to 

Illinois Modified AASHTO T 27/T 11.  The aggregate and fly ash gradations shall meet 
the requirements of the Standard Specifications. 

 
 (b) Sieve and discard ,if any, the aggregate retained on the 19 mm (3/4 in.) sieve. 
 
 (c) Determine the moisture content according to AASHTO T 255, and absorption according 

to AASHTO T 84, of the aggregate fraction passing the 4.75 mm (No. 4).  Determine 
the moisture content of the pozzolan according to ASTM C 311. 

 
 If the aggregate fraction between the 19 mm (3/4 in.) and the 4.75 mm (No. 4) sieve does 

not contain free surface moisture, that fraction shall be soaked 24 hours, and towel dried to 
obtain a saturated surface dry condition according to AASHTO T 85.  Pozzolan which has 
agglomerated, due to drying, shall be crumbled with the fingers until the overall size is 
reduced to comply with the Standard Specifications. 

 
 
7. Moisture-Density Relationship 
 
 Aggregates, pozzolan, and activator shall be proportioned on a dry mass basis.  The 

moisture-density relationship, SDD and OMC of each trial mixture shall be determined, 
according to AASHTO T 180, Method C, except that three lifts shall be used instead of the 
five lift requirement.  In determining the moisture-density relationship, dry materials  shall  be  
mixed  in  a  counter  current  mechanical  mixer (or  its  equivalent) for 1 minute, or until the 
mixture is uniform in color and texture; plus, an additional 3-minutes (after the water is 
added) in order to obtain the first point on the moisture-density curve.  The original sample 
may be reused for subsequent trials.  The batch shall be mixed for an additional minute, 
after the water has been added, for each subsequent trial. 

 
8. Mix Design Procedure 
 
 (a) Using Table II-E.1, determine the approximate initial proportions of activator and 

pozzolan for two trial mixtures.  For example, using lime as the activator, and natural 
aggregate; trial 1 should contain 3.5 % lime, and 10.5 % pozzolan. The estimated 
amount of material needed to pass the 4.75 mm (No. 4) sieve, for a given maximum 
nominal aggregate particle size, is shown in Table II-E.2. The maximum nominal 
aggregate particle size is the largest sieve size which retains material.  Blending 
aggregates may be necessary to obtain a sufficiently fine mixture, while keeping 
activator and pozzolan amounts at economical levels. 

 
 
 (b) Determine the SDD and OMC of each trial mix, as previously outlined. 
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 (c) Compare the SDD of the two mixes.  If the SDD increases between the first and second 

trial mix, either increase the percentage of activator and pozzolan, holding the ratio 
constant; or increase the percentage of one ingredient, while maintaining a constant 
percentage of the other.  If the SDD decreases significantly, either  

 
  decrease the percentage of activator and pozzolan, holding the ratio constant; or 

decrease the percentage of one ingredient, while maintaining a constant percentage of 
the other.  

 
 

Table II-E.1 Suggested Percentages (dry weight basis) of Ingredients to be used in 
Pozzolanic Stabilized Mixture Design* 

 
 

ACTIVATOR NATURAL 
AGGREGATE 

BOILER SLAG 
AGGREGATE 

TRIAL # CEMENT (LIME) POZZOLAN POZZOLAN 
 3 0 9 24 1 0 3.5 10.5 26 

     
 4 0 12 28 2 0 4.5 13.5 30 

     
 
*  These values may be adjusted to suit a particular situation. 
 

 
Table II-E.2 

Estimation of - 4.75 mm (No. 4) Material Needed  
 

 
Maximum Nominal Aggregate Minimum % of Total Batch 

Particle Size Passing 4.75 mm (No. 4) Sieve 
 Activator + Pozzolan + Minus 4.75 mm (No. 4) Sieve Aggregate 

  
25.4 mm (1”) 45 % 

  19.0 mm (3/4”) 50 % 
  12.7 mm (1/2”) 60 % 

  
 
 (d) Repeat these procedures until the SDD remains constant; or decreases slightly, 

between two consecutive mixtures.  The percentage of pozzolan and activator that 
produces the maximum SDD, between those two mixtures, should be used in further 
testing. 
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9. Determining Compressive Strength 
 
 (a) Mixing and Molding Test Specimens 
 
  After the SDD and OMC are obtained as outlined in Section 7, a batch large enough to 

make six (6) cylinders, each 102 mm by 117 mm (4.0 in. x 4.6 in.), shall be mixed in the 
following manner:  Mix the dry materials for 1 minute, or until the mixture is uniform in 
color and texture, in a counter current mechanical mixer or its equivalent.  Add enough 
water to bring the mixture to OMC {corrected for the hygroscopic  moisture of the minus 
4.75 mm (No. 4) material}.   Mix  an  additional 3 minutes.  Mold the specimens 
immediately, according to AASHTO T 180, Method C, except that three lifts shall be 
used instead of the five lift requirement.   Each lift shall be scarified to a depth of 6 mm 
(1/4 in.) before the next layer is compacted, in order to assure a good bond between 
the layers.  Weigh a representative sample of the mixture, to determine the moisture 
content (use a container with a tight lid to prevent loss of moisture).  Then carefully 
remove the specimen from the mold, by the use of a sample extruder such as a jack, a  
lever frame or other suitable device (see Attachment II-B). 

 
 (b) Curing of Test Specimens 
 
  Immediately after the specimens are removed from the mold, re-weigh the specimens 

and place them in a sealed container, to prevent loss of moisture.  The sealed container 
may be either a can with a friction lid, or double sealed plastic bags.  Place three of the 
specimens, in the sealed containers, in a room or cabinet with forced air circulation 
maintained at 10° C ± 1° C (50° F ± 2° F), for a 7-day period.  Place the remaining three 
(3) specimens, in the sealed containers, in a room or cabinet with forced-air circulation 
maintained at 22° C ± 1° C (72° F ± 2° F), for a fourteen day period; re-weigh and allow 
to cool to room temperature.  After the required period, remove the specimens from the 
containers, and cap the specimens for compressive strength testing.  Soak the 
specimens in water for 4 hours, remove, allow to drain on a nonabsorbent surface, and 
test within 1 hour of the time of removal from the water. 

 
 (c) Vacuum Saturation (Optional) 
 
  If, specified or required, the Vacuum Saturated Compressive strength shall be 

determined according to  Section 11 of  ASTM C 593. 
 
 (d) Compression Testing 
 
  Specimens shall be tested according to AASHTO T 22, with no length-to-diameter ratio 

correction for computation of the compressive strength. 
 
  The average compressive strength of three specimens, tested at each curing condition, 

shall be designated as the test value for evaluation.  The average vacuum saturation 
strength (if required) of the three specimens tested, shall be designated as the test 
value for evaluation.  Coefficients of variation within groups, at each curing condition 
which exceed 10% for 10° C (50° F) and 10% for 22° C (72° F), shall be considered as 
cause for rejection of the samples; and a fresh batch shall be formulated, compacted, 
and tested.  If the number of values are not large (say, less than 10), the corrected  

 
  standard deviation shall be estimated by either of the following equations: 
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se  = R                or                 se  = R X m 
  d 
 
 Where: se  = estimated standard deviation 
 
 R   = range of values; i.e. the difference between the  

greatest value and the smallest value 
 
 d   =  factor (see Table II-E.3) 
 
 m   = factor (see Table II-E.3) 
 
 
 

 
Table II-E.3    Factors For Estimating Standard Deviation  

 
Number of Values, Factor, Factor, 

n d m 
   

2 1.1284 0.8862 
3 1.6926 0.5908 
4 2.0588 0.4857 
5 2.3259 0.4299 
6 2.5344 0.3946 
7 2.7044 0.3698 
8 2.8472 0.3512 
9 2.9700 0.3369 

10 3.0775 0.3249 
 
 
 
  The coefficient of variation is computed by:  dividing the corrected standard deviation by 

the average strength.   For subbase or base courses, the cylinders cured at 22° C ± 1° 
C (72° F ± 2° F), for 14 days, should have a minimum average compressive strength of 
4.1 MPa (600 psi), with no individual test below 3.4 MPa (500 psi). 
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10. Plotting of Cured Compressive Strength (CS) vs Degree Days (DD) Characteristic 
Curve 

 
 To evaluate the effect of curing at low to moderate field temperatures, the average cured 

compressive strength (CS), obtained at both curing temperatures, shall be plotted versus 
the curing degree days (DD).  The degree days are calculated as follows:  

 
  DD = [Curing temperature (°C) - 4.4° C] x number of days  
 
     , where the  4.4° C (40° F) is base temperature representative of each average strength. 
 
 Plots are to be arranged on 20 x 20/division graph-paper (at a convenient scale) with the DD 

plotted along the x-axis, and the CS along the y-axis.  The “best fit” straight line relationship 
shall be plotted to obtain the CS value at the degree days corresponding to 14-day curing.  
Plots shall be appropriately labeled as to: producer, month and year of analysis, and 
proportions of each component ingredient. 

 
 The DGE will analyze design test data, develop appropriate construction cut-off dates and 

predict the DD value, based on the anticipated temperatures during construction. 
 
11. Report 
 
 Report of the mix design, compressive strength, and/or vacuum saturation strength tests 

shall include the following: 
 
 (a) Identification Of Each Material Used In The Preparation Of The Specimens 
 (b) Aggregate Gradation 
 (c) Percentage, By Dry Mass, Of Each Of The Constituents 
 (d) Actual, As Compacted, Percentage Moisture Content Of Mixture (AASHTO T 180) 
 (e) Actual Dry Density Of Each Specimen, To The Nearest kg/m³ Or (lb./ft³) (AASHTO T 

180) 
 (f) Percentage Compaction Of Each Specimen  
 (g) Cross-Sectional Area Of Each Specimen, mm² or (in.²) 
 (h) Compressive Strength Of Each Specimen, To The Nearest 50 kPa Or (5 psi) 
  and/or (AASHTO T 22, With No Correction For Length-To-Diamtere Ratio) 
 (I) Vacuum Saturation Strength (If Required) Of Each Specimen, To The Nearest 50 kPa 
  (5 psi) ( ASTM C 593) 
 (j)  Plot Of Cured Compressive Strength Versus Degree Day Curve 
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APPENDIX III 
 
 

SUPPLEMENTAL INFORMATION TO CHAPTER 3 
 
 
 
 
1  -  INTRODUCTION 
 

 
 This appendix contains supplemental information to Chapter 3.  It consists of a design 

memoranda, and figures which have been reproduced from IDOT’s Bridge Manual.  The 
memoranda  and  figures  are placed in this appendix in the order they are mentioned in 
Chapter 3. 
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2  -  DESIGN MEMORANDUM 91.5 
 

 
 Design Memorandum 91.5 provides the guidelines for planning and designing a retaining 

wall.  The Foundations and Soils Unit or the Project Planning Unit, within the Bureau of 
Bridges and Structures, are available to answer specific questions regarding the 
memorandum. 
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As part of our continued efforts to improve the planning and design of 
retaining walls, the enclosed guidelines entitled “TYPE, SIZE AND 
LOCATION PLANS FOR RETAINING WALLS”, shall be implemented 
immediately on all new projects and where possible on started projects for 
which TSL plans have not been prepared.  These guidelines have been in the 
hands of our district offices since May, 1991 and it is very likely that they 
have been implemented on many projects since. 
 
 
 
EAS/bb                                                        

 
0547B 
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 Memorandum Design memorandum 91.5 
_____________________________________________  

 

 To: ALL BRIDGE DESIGNERS    91.5 

 From: Ralph E. Anderson 

 Subject: TYPE, SIZE & LOCATION PLANS FOR RETAINING WALLS 

 Date: December 6, 1991 
________________________________________________________________ 
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The purpose of this memorandum is to provide direction to all those involved 
in preparing TSL plans for retaining wall projects and to improve consultant 
plan submittals. The poor quality of many plans that have been submitted for 
review frequently led to difficulties and delays in plan completion. The 

improvements that can be realized by following these guidelines will greatly 
reduce the time required to prepare and review retaining wall plans. 
 
The following items are common problems associated with inadequately 
prepared TSL plans: 
 
1. Typical foundation data including an insufficient number of borings and 

poor choice of boring locations. 
 

2. Cross sections, when submitted, for existing ground conditions 
frequently do not extend far enough beyond the proposed wall locations 
to determine the back slope configuration. Also, cross sections often fail 
to show the proposed wall location, gradelines and right-of-way limits. 
 

3. It is apparent from review of many consultant's plans that the proper 
evaluations with regard to feasibility, economics, design and 
construction methods have not been completed. 
 

4. The retaining wall plans are sometimes sketched on plan and profile 
sheets. 
 

5. TSL plan views and cross sections, when provided, have not been 
presented properly to define the limits or details of the proposed wall 
and any temporary wall required for construction. 
 

6. In some cases, proprietary walls have been submitted as TSL plans 
and final design plans. 
 

7. Final plans for retaining walls have been submitted without previous 
submittal and approval of a TSL plan.  
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 Memorandum     Design memorandum 91.5 
_____________________________________________  

 

 To: All District Engineers 

 From: Ralph E. Anderson   By:   Jerry F. Pitts 

 Subject: TYPE, SIZE & LOCATION PLANS FOR RETAINING WALLS 

 Date: May 13, 1991 (Revised December 3, 1991) 
________________________________________________________________ 
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All District Engineers 
Page 2 
May 13, 1991 (Revised December 3, 1991) 
 
 
 
 
 
8. Occasionally, inappropriate statements in the Project Report, with 

regard to specific retaining wall type recommendations, have been 
misconstrued as a wall type determination by the designer, thus 
negating proper plan development procedures. The Project Report is 
the proper place to address the basic need for a wall, or the "no-wall" 
alternate versus retaining wall, but is not the place to comment on 
specific wall type. 

 
In an effort to provide guidelines for the preparation of TSL plans for 
retaining walls, we have listed the following four phases that need to be 
considered for proper plan development: 
 
1. SITE INVESTIGATION: Before any decisions can be made concerning 

wall feasibility or economics, an adequate subsurface investigation, 
including cross section data. must be completed. The Policy on 
Foundation Borings for Structures dated December 3, 1991 is 
recommended for use in determining an adequate subsurface investi-
gation. 
 

2. FEASIBILITY STUDY: The first alternate to be considered should 
always be a "no-wall" alternate which means the soil is to be laid back 
on slopes to eliminate the need for earth retention. This may often 
require additional right of way, earth work and/or relocation of utilities 
and existing structures; all of which, along with slope stability, must be 
considered in determining the feasibility of the "no-wall" alternate. The 
next step, if the wall can not be eliminated, is to study a combination of 
slopes and wall types, when aesthetically acceptable, to minimize both 
wall length and height. The various retaining wall types derive their 
support in differing ways and means and each should be evaluated 
based on soil/structure interaction, constructability and availability. The 
feasibility, complexity and extensiveness of temporary shoring systems 
required for construction of some wall types must also be evaluated. 
 

3. ECONOMIC EVALUATION: For those alternates determined through 
the above process to be feasible, including the "no-wall" alternate, a 
direct cost comparison including the cost of temporary shoring systems 
must be performed. 
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All District Engineers 
Page 3 
May 13, 1991 (Revised December 3, 1991) 
 
 
 
 
4. PRESENTATION:   Proprietary wall plans will not be allowed to serve 

as TSL plans nor will they be allowed as contract plans. Proprietary 
plans are supplied to the Department by the contractor under contract 
terms, when a particular proprietary wall is chosen by the contractor. 
The commonly used term "reinforced earth wall" is a proprietary wall 
manufactured by The Reinforced Earth Company. As per the Bureau of 
Bridges and Structures' memorandum to all Bridge Designers, No. 85.2, 
the generic term for this wall type to be used on plans is "Internally 
Reinforced Earth Retaining Wall". Retaining wall TSL plans should not 
be drawn on plan and profile sheets. Final plans must not be submitted 
with the intent that they will also serve as TSL plans. The TSL plan 
should consist of a plan view, elevation view and necessary cross 
sections. Sufficient sections should be provided to properly show details 
such as drainage, changes in topography, wall termination methods and 
temporary construction methods. 

 
For the retaining wall types commonly called reinforced earth walls and 
double walls, refer to the Special Provisions for Internally Reinforced 
Earth Retaining Walls and Precast Concrete Gravity Retaining Walls 
respectively. 
 
All retaining walls 10'-0" or greater in height must be planned or 
reviewed by the Bureau of Bridges and Structures. Ten feet is defined 
as the design height from bottom of footing to top of wall, not including 
parapets, at the maximum point. Walls under 10 feet in height are the 
District's responsibility and should be evaluated in a manner similar to 
that described above. 
 
The information and data listed below constitutes the minimum 
requirements to be submitted at the initiation of the TSL plan or with the 
initial submittal of the consultant's TSL plan for review. Retaining walls 
in Category B require consultation with the Bureau of Bridges and 
Structures. 
 
A. Routine Retaining Walls, 10 feet to 20 feet high: 
 
1. Structure Report with all applicable attachments. roadway plan and 

profile is essential. Plans and/or comments on drainage above and 
below the wall should be included. Also the location of existing and 
proposed utilities, traffic lanes, railroads and existing structures 
must be addressed. Stage construction schemes must be 
presented and right-of-way limits should be shown. 
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All District Engineers 
Page 4 
May 13, 1991 (Revised December 3, 1991) 
 
 
 
 
2. Borings taken at 75' intervals, but not less than two (2) borings per wall 

(refer to December 3, 1991 Policy on Foundation Borings for 
Structures). 
 

3. Cross sections of existing ground at 50' maximum intervals or as 
dictated by variations in topography. The minimum number of cross 
sections for any wall is 2. The cross sections should extend a sufficient 
distance from the back of the wall in order to define backslopes. 
 

4. Temporary walls required for construction of permanent walls must be 
shown on the TSL plan and included in cost estimates. Special attention 
should be given to construction restrictions due to facilities and/or other 
structures in the area. 
 
B.Major Retaining Walls, over 20 feet high: 
 

1. Same as in A. 1. 
 

2. Borings taken at 50' intervals, but not less than two (2) borings per wall. 
 

3. Cross sections of existing ground at 50' maximum intervals and 
extending sufficient distance behind the proposed wall in order to define 
backslopes. If the topography is variable, additional cross sections 
should be included to show the variations. The minimum number of 
cross sections for any wall is 2. 
 

4. Same as in A. 4. 
 

5. Pictures of the site of the proposed wall identifying constraints such as 
buildings, slope failures, pipes, power lines and any other interfering 
features. 
 

6. A narrative describing the visible features in (5) and any underground 
interfering structures such as sewers, gas lines and water mains. 
 

7. Contour map when available. 
 

To ensure that schedules can be maintained, Structure Reports (including 
boring data) should be submitted 9 months prior to the anticipated letting 
date for in-house designs. A minimum of 60 days should be allowed for 
review of the consultant's TSL plans. Any submittals not providing the noted 
basic information will be returned for resubmittal. 
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All District Engineers 
Page 5 
May 13, 1991 (Revised December 3, 1991) 
 
 
 
 
 
It is apparent from the above guidelines, that retaining wall systems are 
often expensive and complex structures, the design of which requires many 
considerations. Other than cast-in-place reinforced concrete retaining walls, 
wall systems are, to a large extent, geotechnically engineered structures. It 
is therefore recommended that consultants selected for all wall projects have 
the proper structural as well as geotechnical expertise. The consultants 
should be made aware that they are responsible for checking the overall wall 
stability, construction slope stability, allowable soil bearing capacity and 
settlements for all wall projects along with other geotechnical engineering 
analysis required in the feasibility studies. 
 
This memorandum should be distributed to the District Bureaus of Materials, 
Design, Location and Environment and to all those involved in preparing 
TSL and detailed plans for retaining wall projects. Providing the information 
previously noted will greatly improve the quality of TSL plans, reduce review 
time and minimize problems in meeting letting schedules and ensure that 
the final product is a good quality wall. 
 
 
 
RLD/EAS/jmb/3552M                                         

 
 
cc:  Al Abbott 
M. J. Macchio 
J. G. Gehler 
D. L. Wolaver - Attn: James Filler 
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3  -  DETAILS OF DIFFERENT PILE TYPES 
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Figure III.1 (a)  D
etails of different pile types, in SI units 
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Figure III.1 (b)  D
etails of different pile types, in E

nglish units. 
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4  -  DETAILS OF PRECAST AND CAST-IN-PLACE CONCRETE PILES 
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Figure III.2 (a)  D
etails of precast and cast-in-place concrete piles, in SI units 

(R
eproduced from
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ridge M
anual). 
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Figure III.2 (b)  D

etails of precast and cast-in-place concrete piles, in E
nglish units 
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5  -  TYPICAL DRAINAGE SYSTEM DIAGRAMS 
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Figure III.3 (a)  Typical drainage system behind a soldier pile wall. 
Details A and B are in Figure III.3 (b) 
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Figure III.3 (b)Typical drainage details behind a soldier pile wall. 
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Figure III.4 (a)  T
ypical drainage system
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Figure III.5 (a)  Typical drainage system behind retaining walls, in SI units 
(reproduced from Figure 3.10-5 of IDOT’s Bridge Manual). 
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Figure III.5 (b) Typical drainage system behind retaining walls, in English units 
(from Figure 3.10-7 of IDOT’s Bridge Manual). 
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APPENDIX IV 
 
 

SETTLEMENT ANALYSIS PROCEDURE 
 
 
 
1 - SCOPE 
 

This procedure outlines only the calculation methods used at IDOT to estimate the total 
settlement (S) for one or more compressible layers; and the times required to reach 50% 
(t50) and 90% (t90) of S; for the layers.  The test procedure is not described, herein, since it 
is conducted according to AASHTO T 216. 

 
 
2 - OBTAINING DATA 
 

Data is obtained by conducting the consolidation test, according to AASHTO T 216, on 
specimens from Shelby tube or other relatively undisturbed samples. At IDOT, the 
consolidation equipment is connected to an automated data acquisition system 
programmed to collect data on specimen height (H) at regular intervals, for 400 minutes 
per load increment.  This time can be increased or decreased, depending on the test 
objectives or conditions. The automated system provides tabulated data for H at different 
times (t).  The system also plots, for each load increment, H versus log t (log-fitting) on 
one graph, and H versus square root of t (square root-fitting) on another graph. 

 
 
3 - UNITS 
 

This settlement analysis procedure uses both English and the International System of 
Units (SI).  At present, a soft conversion of the final data is reported where the SI units are 
required.  The automated soil consolidation system, and this procedure will be updated to 
fully use the SI units. 

 
 
4 - GENERAL GUIDELINES 
 

The settlement calculation is based on the assumption that the specimen is fully saturated 
at the beginning of the test.  Therefore, some error is anticipated, for partly saturated 
specimens.  To minimize such error, only specimens with high moisture contents (near 
saturation) should be tested for consolidation.  Also, the graphical procedures require 
subjective judgment. 
 
The values of S, t50, and t90, for one compressible layer, can be determined by using either 
the log-fitting or square root-fitting method.  Since the value of H is the same at any time, 
regardless of what method is used, the choice of one method versus the other depends on 
how well the values of H are plotted versus t, to make a “typical” fitting curve in either 
method.   Therefore, the choice of one fitting method will depend largely on the shape and 
quality of the fitting curve, and not the theoretical validity of one method versus the other. 
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Usually, a typical log-fitting curve is a reversed S-curve, with two linear portions and an 
inflection point (Figure IV.1). 
 
A square root-fitting curve is, typically, a hyperbolic curve with an initial straight line portion 
(Figure IV.2). 
 
Depending on the lab data, the drawing scale, and soil type the shape of either curve 
could deviate from the “typical“ shapes shown on Figures IV.1 and IV.2.  Good judgment is 
important for choosing either fitting method and applying the standard procedure, 
described herein, to the appropriate curve.  Fitting methods should be selected on the 
basis of their ability to satisfy the procedures outlined below.  Where both log-fitting and 
square root-fitting curves are acceptable, the log-fitting curve should be considered the 
default-fitting method. 

 
 
5 - LOG-FITTING PROCEDURE 
 

The log-fitting procedure is based on the Casagrande method for obtaining the specimen 
heights:  Ho, H50, and H100 ; at 0%, 50% and 100% consolidation, respectively.  For 
graphical construction of these points, refer to Figure IV.1, and follow the procedure 
below.  Proceed to the square root-fitting procedure if there is significant scatter in the log-
fitting data, or if the procedures described below cannot be followed with confidence. 

 
(a) Project the difference “a” between the 1-minute and the 0.25-minute readings, 

upward, to determine Ho.  If the vertical scale does not accommodate this procedure,  
subtract the specimen height at the 1-minute reading (H1) from 2 times the specimen 
height at the 0.25-minute reading; i.e. (2H0.25 - H1). 

 
If the upper portion of the log-fitting curve is a straight line, determine the H100 by 
following step (b) below.  Divide (H100 + H0.25) by 2 and note the corresponding time 
(t1).  If t1 is greater than 1 minute, determine H0 following the procedure in (a) above.  
However if t1 is less than 1 minute, the log-fitting procedure should not be used.  H0 
should be determined using data points located where less than one-half of the 
consolidation, for a particular load increment, has occurred. The H0 from a log-fitting 
curve, with a straight line upper portion, is an approximation. 

 
(b) Draw a tangent downward from the point of inflection of the primary portion of the 

curve.  Also, draw a tangent to the left of the lower, straight line portion of the curve.  
The point where the two tangents intersect, corresponds to H100 for that increment. 

 
(c) (OPTIONAL)  Calculate H50 by averaging H100 and H0 [H50 = (H0 + H100)/2].  Project 

H50 onto the curve and down to the log of time scale.  That point corresponds to the 
t50. 
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6 - SQUARE ROOT-FITTING PROCEDURE 
 

Refer to Figure IV.2 and follow the procedure below, to determine the H0, H50, and H100 
from the square-root-fitting curve. 

 
(a) Extend the initial straight line portion of the curve, up, to intersect the H-axis at point 

“a”, which corresponds to Ho.  Extend the same line, down, to intersect the t - axis 
at point “b”. 

 
(b) Measure the distance “x” along the t - axis, from the origin to point “b”.  Multiply 

“x” by 1.15 to obtain “c”.  Connect points “c” and “a” with a straight line.  The 
specimen height at 90% consolidation (H90) is the point where the line “ac” intersects 
the curve.   

 
(c) Calculate H100, using the following equation: 

 
H100 = H90 -[( H0 - H90)/9] 

 
(d) (OPTIONAL) Average H100 and H0 to determine H50, i.e. H50 = (H0 + H100)/2. 
 
(e) (OPTIONAL) Project H50 onto the original curve, and then down to the t - axis.  

Square the value at that point to determine H50.   
 
 
7 - DETERMINING THE COEFFICIENT OF CONSOLIDATION (Cv) 
 

Calculate Cv for two load increments:  one immediately less than, and one immediately 
greater than (Pf). The procedure for calculating Pf is discussed in the next section.  Select 
the fitting method, for those two load increments, which most represents the typical curve.  
The fitting method used to determine the Cv does not have to be the same as the method 
used to determine the H100.  If both fitting methods are acceptable, use the log-fitting 
method. 
 
Calculate Cv  for a load increment, using the following equation: 

 
 Cv = {[0.5 X (H50 + MD)]2 / t50 } X T50                          Eq. IV.1 
 
    Where:  MD = Machine Deflection (obtained by calibration or provided by  
       the manufacturer) 
 
       T50 = 0.197 
 
     Cv should be in the form:  Cv X 10E-4 in.2/min. 
 

      H50 and t50 are determined using the steps marked 
      “OPTIONAL” in the fitting procedures. 
 

Note:  One-half of the corrected H50 is used, because the double drainage condition which 
exists under lab testing conditions. 
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Figure IV.1  Log-Fitting Determination of 0 % and 100 % Consolidation 
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Figure IV.2   Square Root-Fitting Determination of 0% and 100% Consolidation. 
 
 
8 - DETERMINING THE EFFECTIVE OVERBURDEN AND APPLIED PRESSURES 
 

Select appropriate compressible layers using the Shelby tube data sheets.  One 
consolidation test should be included in each layer.  In selecting layers, use sample 
description, wet unit weight, compressive strength, and moisture content as a guide.  
Calculate the average wet unit weight, γavg, of each layer.  Calculate the effective 
overburden pressure, Po (in tsf), acting at the center of each compressible layer, using the 
following sample diagram. 
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__________________________ 

        Layer 1,  γavg1,  H1 

__________________________ 

       Layer 2,  γavg2,  H2 
_________________________ ∇ 

      Layer 3,  γavg3,  H3 
__________________________ 

 

    Po1 = γavg1 X 0.5 H1 

    Po2 = γavg1 X H1 +  γavg2 X 0.5 H2 

    Po3 = γavg1 X H1 +  γavg2 X  H2  +  (γavg3 - γwater) X 0.5 H3 

 

Note:  When the soil is below ground water, as in the third layer, the unit weight of water 
should be subtracted from the average unit weight of the soil.  

 

Calculate the applied pressure, ∆P (in tsf), corresponding to the height of the proposed fill 
[125 pcf x fill height (ft)/2,000], or the foundation pressure being applied to the 
compressible layers.  This method determines ∆P at the centerline of an embankment or 
foundation.  If the embankment or foundation width is less than the depth to the center of 
the compressible layer, or if the settlement is required at a location other than the 
centerline, the value of ∆P should be multiplied by a reduction factor or influence value (I) 
to account for the Boussinesq vertical stress distribution. The influence value (I) is 
determined, using the following equation by Osterberg (1957): 

 

     I = [(A X tan-1 B) - (b/a) X tan-1 (b/z)]/π        Eq. IV.2 

 

   Where: A = (a + b)/a 

     B = (a + b)/z 

     a, b and z are as defined in Table  IV.1  

     Angle units are radians 

 

Table IV.1 presents several examples on how  to  use  the  Influence  Chart.   The  final  
vertical  pressure at the center of each layer, is Pf  = (P0 + ∆P). 
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Table IV.1  Examples of the use of the Influence Chart (Osterberg, 1957). 
 

a b

q

z

CL

q = Unit Load of Embankment  
 
 

q

20 2010 30

z = 20  

Use a/z=1 and b/z=0.5 to find the 
influence to the left: I = 0.397.  Use a/z=1 
and b/z=1.5 to find the influence to the 
right; I = 0.478.  The total influence value 
is 0.397+0.478=0.875.  The vertical 
stress is then 0.875q. 

q

z = 20

20 20 2040

 

Find the influence value for the dashed 
and solid portions (a/z=1, b/z=4, 
I=0.499).  Subtract the influence value for 
the dashed portion (a/z=0, b/z=1, 
I=0.455).  The vertical stress is then 
0.044q 

q

2040

a

z = 20

b

c
d e

10 10

 

The stress due to wedge abc is the same 
as that due to wedge cde.  Since the two 
would cancel, the stress is the same as if 
the embankment were vertical at b.  
Therefore, (a/z=1, b/z=2.5, I=0.492) the 
stress is 0.492q. 

z = 20

2010

q

 

For calculating the stress under a strip 
load, a/z=0 ~ a/z=0.1.  Use b/z = 0.5 to 
find the influence value to the left: 
I=0.278.  Use b/z=1.0 to find the 
influence value to the right: I=0.410.  The 
resulting vertical stress is then 0.688q. 

40

q

z = 20  

For calculating the stress under the 
center of a triangular load, use b/z=0, 
a/z=1.  I for both the left and right sides 
is 0.25.  The resulting vertical stress is 
0.5q. 

40

q

z = 20

0.75q

0.25q

155

 

In this case, the influence value for the 
vertical stress at a point other than the 
center of a triangular load = 
0.25(0.08)+0.434 - 0.75(0.203).  The 
resulting vertical stress is 0.302q. 
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9 - PRIMARY SETTLEMENT CALCULATIONS  
 

Assuming the specimen is fully saturated, determine the volume of solids, Vs, in the 
specimen, after consolidation, using (Vs = Vfinal - Vw).  Calculate Vfinal using the sample 
height at the end of the consolidation test (plus the machine deflection correction).  Vw  is 
calculated using the mass of water in the specimen, after consolidation, and the water 
density as 1 g/cm3. For partially saturated specimens, which gain weight during the 
consolidation test, Vs = Ws/G, where:  Ws =  mass of solids and Gs = specific gravity of 
solids.  Vs is constant for all load increments within a layer. 
 
After determining Vs, use [H100 + MD] and the specimen diameter to calculate the volume 
“V” of the specimen, for each load increment.  Do not mix H100 values, from both the log-
fitting and square root-fitting methods, within a layer.  Also, determine “V” for the 
specimen, prior  to  consolidation  (P=0).   Calculate  the void ratio “e“ for each load 
increment using:  [e = (V/Vs)-1].  The initial void ratio “e0” can be calculated using the 
volume of the specimen, prior to consolidation (P=0). 
 
Plot “e” versus “P” on a 3-cycle semi-logarithmic paper (as shown in Figure IV.4), where 
“P” is the pressure corresponding to the load applied to the specimen, during each 
increment.  A sufficient number of load increments are needed to define the 
recompression and compression portions of the e-log P curve. Using the same semi-log 
paper, also plot the values of Cv versus log P, for the two load increments bounding Pf, 
and draw a line connecting the two. 
 
There is always a possibility of excessive soil disturbance during sampling and 
transportation to the laboratory.  Casagrande’s graphical procedure (Peck et al., 1973) is 
used for determining the maximum overburden pressure (Pmax) that has been placed on 
the soil, at some point in geologic time. Schmertmann’s method (Terzaghi et al., 1996) is 
used for reconstructing the field “virgin” curve that represents the actual soil condition in 
the field, with no sample disturbance.  The graphical reconstruction of the virgin ”curve” 
from the lab curve is illustrated in Figure IV.4, and is summarized below: 

 
(a) After plotting the lab data points, extend the straight line portion of the lab curve 

down to 0.4 x eo at point (A).  
 
(b) Locate the point (B) of greatest curvature. 
 
(c) At point (B), draw a horizontal line (BC) and a tangent line (BD) to the e-log P curve. 
 
(d) Draw a line (BE), bisecting lines (BC) and (BD). 
 
(e) Extend the lower straight line portion of the e-log P curve upwards, until it intersects 

line (BE), at point (F). 
 
(f) From point (F), draw a vertical line up, to intersect the log P axis, at a certain point.  

This point corresponds to (Pmax). If P0 is greater than Pmax, skip to step (i). 
 

(g) Draw a horizontal line from e0 to P0.  Then draw a line parallel to the recompression 
portion of the lab e log P curve, from P0 to the vertical line corresponding to Pmax 
(point H).  Then connect points (A) and (H). 
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(h) For over consolidated specimens, Pmax > P0, the line connecting e0, P0, and points 
(H) and (A) is called the field "virgin" curve, which should be used as the basis for all 
settlement calculations. 

 
(i) For normally consolidated specimens, Pmax = P0, draw a horizontal line from e0, to the 

vertical line corresponding to Pmax, then continue that line down to point (A).  The line 
connecting e0, Pmax, and point (A) is the field “virgin” curve. 

 
 

 

Pressure, P, tsf

V
oi

d 
R

at
io

, e

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.1 1 10 100

Pmax

e

e

PfPo

0

f

A

B C

D

E

F

G H

Lab Data

Theoretical Extension to 0.4 x eo

0.4e
0

Field "Virgin" Curve

Recompression, P<Pmax

Compression, P>Pmax

 
 

Figure IV.4  Construction of the "virgin" e-log P curve. 
 
 

Once the “virgin“ e-log P curve has been constructed, the magnitude of settlement for the 
layer in question can be computed.  Find the void ratio, ef, that corresponds to Pf, on the 
virgin curve [∆e = e0-ef]. 
 
Calculate the settlement (S), as: 

 
     S = HL ∆e / (1 + e0)                                                        Eq. IV.3 
 
       Where: HL = The thickness of the compressible layer. 
     ∆e = e0-ef 
 

Also, on the Cv versus log P line, find the value of Cv that corresponds to Pf.  This value of 
Cv (denoted Cvf) is used in the calculation of settlement times, t50 and t90, for the layer as 
follows (assuming double drainage condition): 

 
    t% = [(0.5 HL)2 / Cvf ] X Tv                                                                Eq. IV.4 
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    Where: HL= Thickness of compressible layer, in inches 
      Cvf = The coefficient of consolidation at Pf, in.2 / minute 
     Tv = Time factor = 0.197 for 50 % Consolidation   
        = 0.848 for 90 % Consolidation 
     t% = The time required for a certain consolidation to occur, in minutes 
 
 

For single drainage condition, where an impermeable layer is above or below the 
compressible layer, use HL instead of 0.5HL in the equation. 
 
For  a  group  of  compressible  layers, S, is  the  sum  of  all  individual layers’ 
settlements, [S = S1 + S2 +  S3 +  ··].  The t50 and t90 for the group of layers are:  the 
weighted averages of the t50 and t90 of the individual layers, proportional to their 
settlements.  For example, the t50 for a group of three layers is: 

 
  t50(1,2&3) = [(t50(1) X S1) + (t50(2) X S2)+ (t50(3) X S3)] / (S1+S2+S3)                Eq. IV.5 
 
 
10 - SECONDARY CONSOLIDATION 
 

If the magnitude of secondary consolidation is required, lab procedures may need to be 
modified to obtain sample height readings, at times, beyond the standard 400 minutes per 
increment.  The secondary consolidation can be calculated using the log-fitting curve, for 
the load increment closest to Pf.  The procedure is as follows: 

 
(a) Select a time,  t1, within the straight line portion of the curve beyond H100 (see Figure 

IV.1). 
 
(b) Select another time, t2, corresponding to another log cycle, such that  t2 = 10t1 within 

the same straight line portion.  Find the values of H1 and H2 that correspond to t1 and 
t2, respectively, on the line. 

 
(c) Determine the secondary settlement (Sα) for the load increment using: 
 

    Sα = HL X [(H1 - H2)/Hi] x log(t/t90)                                                   Eq. IV.6 

 
    Where: Hi = Sample height at the beginning of the load increment 
     t = Time span of interest from the beginning of primary   
             settlement, i.e. 10, 20, 30... years. 
     t90 = The t90 for the layer being analyzed, in years. 
 

Note:  The t100 for the layer should, theoretically, be used instead of the t90 used 
above.  However, determining the t100 for the layer is not possible, because Tv 
approaches infinity between 90 and 100% consolidation.  Therefore, the use of t90 is 
considered a close approximation. 
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11 - REPORT 

 

The following items should be included in the settlement report for a group of 
compressible layers, obtained from one Shelby tube boring: 

 

(a) Location information. 
 

(b) Fill height. 
 

(c) Sample number, settlement, t50, t90, and the assumed drainage condition for each 
layer. 
 

(d) Total primary settlement (S100) for the group of layers. 
 

(e) t50 and t90 for the group of layers. 

 

(f) If required, the secondary settlement (Sα) for a specified time period. 
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Berg, R. R. (1992), Guidelines for Design, Specification, and Contracting of Geosynthetic 
 Mechanically Stabilized Earth Slopes on Firm Foundations, FHWA-SA-93-025. 
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 Soil Stabilization in Pavement Structures:  A User’s Manual, Volumes 1 and 2, 
 FHWA-IP-80-2. 
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District Specific geologic and pedologic references: 
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Alden, W. C. (1902), “Riverside, Chicago, DesPlaines, and Calumet Quadrangles, Illinois- 
 Indiana”, Geologic Atlas of the United States, Folio 81, U.S. Geol. Surv., 14 p. 
 
Anderson, R. C., and D. A. Block (1962), “Sand and Gravel Resources of McHenry County,
 Illinois”, Illinois State Geological Survey Circ. 336, 15 p., 1 pl. 
 
Block, D. A. (1960), “Sand and Gravel Resources of Kane County, Illinois”, Illinois State 
 Geological Survey Circ. 299, 11 p., 1 pl. 
 
Bretz, J. H. (1939), “Geology of the Chicago Region, Part I, General”, 118 p. (1955), 
 “Part II, The Pleistocene”, 132 p., Illinois State Geological Survey Bull. 65 
 
Dixon, W. G., Jr. (1985), “Sources of Information on Engineering Geology and Related Topics 
 for Northeastern Illinois”, Illinois State Geological Survey EGN 110. 
 
Ekblaw, G. E., J. E. Lamar (1964), “Sand and Gravel Resources of Northeastern Illinois”, 
 Illinois State Geological Survey Circ. 359, 8 p., 1 pl. 
 
Fisher, D. J. (1935), “Geology and Mineral Resources of the Joliet Quadrangle”, Illinois State 
 Geological Survey Bull 51, 160 p., 6 pls. 
 
Hackett, J. E., and M. R. McComas (1969), “Geology for Planning in McHenry County”, 
 Illinois State Geological Survey Circ. 438, 31 p., 1 pl. 
 
Horberg, J. L. (1953), “Pleistocene Deposits Below the Wisconsin Drift in Northeastern Illinois”, 
 Illinois State Geological Survey Rept. of Inv. 165, 61 p. 
 
Hough, J. L. (1958), “Geology of the Great Lakes”, Univ. of IL Press, 313 p. 
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Peck, R. B., and W. C. Reed (1954), “Engineering Properties of Chicago Subsoils”, Univ. of IL 
 Eng. Exp. Sta. Bull. 423, 62 p. 
 
Powers, W. E., and G. E. Ekblaw (1940), “Glaciation of the Grayslake, Illinois, Quadrangle”, 
 Illinois State Geological Survey Circ. 63, 7 p. 
 
Thornburn, T. H., D. J. Hagerty, and T. K. Liu (1970), “Engineering Soil Report, Will County, 
 Illinois”, Univ. of IL Engr. Exp. Sta. Bull. 501, 195 p. 
 
Trowbridge, A. C. (1912), “Geology and Geography of the Wheaton Quadrangle”, Illinois State 
 Geological Survey Bull. 19, 77 p., 12 pls. 
 
Wickham, S. S., W. H. Johnson, and H. D. Glass (1988), “Regional Geology of the Tiskilwa Till 
 Member, Wedron Formation, Northeastern Illinois”, Illinois State Geological Survey 
 Cir. 543, 35 p. 
 
Willman, H. B. (1971), “Summary of the Geology of the Chicago Area”, Illinois State Geological 
 Survey Circ. 460, 77 p., 1 pl. 
 
Willman, H. B. (1973), “Rock Stratigraphy of the Silurian System in Northeastern and 
 Northwestern Illinois”, Illinois State Geological Survey Cir. 479, 55 p. 
 
 
 
 
 

District # 2 
 
 
Anderson, R. C. (1964), “Sand and Gravel Resources of DeKalb County”, Illinois State 
 Geological Survey Circ. 367, 16 p., 1 pl. 
 
Anderson, R. C. (1967), “Sand and Gravel Resources Along the Rock River in Illinois”, 
 Illinois State Geological Survey Circ. 414, 17 p., 1 pl. 
 
Anderson, R. C. (1980), “Geology for Planning in Rock Island County, Illinois”, Illinois State 
 Geological Survey Cir. 510, 35 p. 
 
Berg, R. C., J. P. Kempton, and A. N. Stecyk (1984), “Geology for Planning in Boone and 
 Winnebago Counties”, Illinois State Geological Survey Cir. 531, 69 p. 
 
Bradbury, J. C. (1965), “Dolomite Resources of Boone and DeKalb Counties”, Illinois State 
 Geological Survey Cir. 379, 22 p. 
 
Bretz, J. H. (1923), “Geology and Mineral Resources of the Kings Quadrangle”, Illinois State 
 Geological Survey Bull. 43C, 100 p., 3 pls. 
 
Brueckmann, J. E., and R. E. Bergstrom (1968), “Ground-Water Geology of the Rock Island, 
 Monmouth, Galesburg, and Kewanee Area, Illinois”, Illinois State Geological Survey Rept. 
 of Inv. 221, 56 p. 
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Doyle, F. L. (1965), “Geology of the Freeport Quadrangle”, Illinois State Geological Survey 
 Circ.395, 24 p., 1 pl. 
 
Flint, R. F. (1931), “Glaciation in Northwestern Illinois”, Am.Jour.Sci., Vol.21, No. 25 
 p. 422-440. 
 
Foster, J. W. (1956), “Groundwater Geology of Lee and Whiteside Counties, Illinois”, 
 Illinois State Geological Survey Rept. of Inv. 194, 67 p. 
 
Frye, J. C., H. D. Glass, J. P. Kempton, and H. B. Willman, (1969), “Glacial Tills of 
 Northwestern Illinois”, Illinois State Geological Survey Cir. 437, 47 p. 
 
Grant, U. S., and E. F. Burchard (1907), “Lancaster-Mineral Point Quadrangles, Wisconsin- 
 Iowa-Illinois”, Geologic Atlas of the U.S., Folio 145, U.S. Geol.Surv., 14 p. 
 
Hackett, J. E. (1960), “Ground-Water Geology of Winnebago County, Illinois”, Illinois State 
 Geological Survey Rept. of Inv. 213, 63 p., 2 pls. 
 
Hunter R. E., and J. P. Kempton (1967), “Sand and Gravel Resources of Boone County 
 Illinois”, Illinois State Geological Survey Circ. 417, 14 p., 1 pl. 
 
Kempton, J. P. (1963), “Subsurface Stratigraphy of the Pleistocene Deposits of Central 
 Northern Illinois”, Illinois State Geological Survey Circ. 356, 43 p. 
 
Knappen, R. S. (1926), “Geology and Mineral Resources of the Dixon Quadrangle”, 
 Illinois State Geological Survey Bull. 49, 141 p., 5 pls. 
 
Kolata, D. R., and T. C. Buschbach (1976), “Plum River Fault Zone of Northwestern Illinois”, 
 Illinois State Geological Survey Cir. 491, 20 p. 
 
Larsen, J. L. (1973), “Geology for Planning in Lake County, Illinois”, Illinois State Geological 
 Survey Cir. 481, 43 p. 
 
MacClintock, P., and H. B. Willman (1959), “Geology of Buda Quadrangle, Illinois”, 
 Illinois State Geological Survey Circ. 275, 29 p., 1 pl. 
 
McGinnis, L. D., and P. C. Heigold (1974), “A Seismic Refraction Survey of the Meredosia 
 Channel Area of Northwestern Illinois”, Illinois State Geological Survey Cir. 488, 19 p. 
 
Nelson, W. J. (1981), “Faults and their Effect on Coal Mining in Illinois”, Illinois State Geological 
 Survey Cir. 523, 38 p. 
Savage, T. E., and J. A. Udden (1921), “Geology and Mineral Resources of the Milan and 
 Edgington Quadrangles”, Illinois State Geological Survey Bull. 38C, 98 p., 1 pl. 
 
Shaffer, P. R. (1954), “Extension of Tazewell Glacial Substage of Western Illinois and Eastern 
 Iowa”, Illinois State Geological Survey Rept. of Inv. 174, 13 p. 
 
Shaffer, P. R. (1956), “Farmdale Drift in Northwestern Illinois”, Illinois State Geological Survey 
 Rept. of Inv. 198, 25 p., 2 pls. 
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Shaw, E. W., and A. C. Trowbridge (1916), “Galena-Elizabeth Quadrangles, Illinois-Iowa”, 
 Geologic Atlas of the U.S., Folio 200, U.S. Geol. Surv., 12 p. 
 
Trowbridge, A. C., E. Q. Shaw, and B. H. Schockel (1916), “Geology and Geography of 
 the Galean and Elizabeth Quadrangles”, Illinois State Geological Survey Bull. 26,  
 233 p., 25 pls. 
 
Willman, H. B., H. D. Glass, and J. C. Frye (1989), “Glaciation and Origin of The Geest in the
 Driftless Area of Northwestern Illinois”, Illinois State Geological Survey Cir. 535, 44 p. 
 
 
 
 

District # 3 
 
 
Athy, L. F. (1928), “Geology and Mineral Resources of the Herscher Quadrangle”, Illinois 
 State Geological Survey Bull. 55, 120 p., 2 pls. 
 
Barrows, H. H. (1910), “Geography of the Middle Illinois Valley”, Illinois State Geological Survey 
 Bull. 15, 128 p., 16 pls. 
 
Cady, G. H. (1919), “Geology and Mineral Resources of the Hennepin and LaSalle 
 Quadrangles”, Illinois State Geological Survey Bull. 37, 136 p., 6 pls. 
 
Culver, H. E. (1922), “Geology and Mineral Resources of the Morris Quadrangle”, Illinois 
 State Geological Survey Bull. 43B, 114 p., 3 pls. 
 
DuMontelle, P. B., N. C. Hester, and R. E. Cole (1971), “Landslides Along the Illinois River 
 Valley South and West of LaSalle and Peru, Illinois”, Illinois State Geological Survey Env. 
 Geol. Note 48, 16 p. 
 
Ekblaw, G. E., and J. E. Lamar (1964), “Sand and Gravel Resources of Northeastern Illinois”, 
 Illinois State Geological Survey Circ. 359, 8 p., 1 pl. 
 
Gross, D. L., and R. C. Berg (1981), “ Geology of the Kankakee River System in Kankakee
 County, Illinois”, Illinois State Geological Survey EGN 92, 80 p. 
Jacobson, R. J. (1985), “Coal Resources of Grundy, LaSalle, and Livingston Counties, Illinois”, 
 Illinois State Geological Survey Cir. 536, 58 p. 
 
LaMar, J. E. (1929), “The Limestone Resources of the Pontiac-Fairbury Region”, Illinois State 
 Geological Survey Rept. of Inv. 17, 27 p. 
 
Leighton, M. M. (1926), “A Notable Type Pleistocene Section - The Farm Creek Exposure near 
 Peoria, Illinois”, Illinois State Geological Survey Rept. of Inv. 11, 15 p. 
 
McComas, M. R. (1968), “Geology Related to Land Use in the Hennepin Region”, Illinois 
 State Geological Survey Circ. 422, 24 p. 
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Ostrom, M. E. (1957), “Subsurface Dolomite and Limestone Resources of Grundy and Kendall 
 Counties”, Illinois State Geological Survey Circ. 230, 25 p. 
 
Sauer, C. O. (1916), “Geography of the Upper Illinois Valley and History of Development”, 
 Illinois State Geological Survey Bull. 27, 208 p., 2 pls. 
 
Smith, W. H. (1968), “Strippable Coal Reserves of Illinois, Part 6 - LaSalle, Livingston, Grundy, 
 Kankakee, Will, Putnam, and parts of Bureau of Marshall Counties”, Illinois State 
 Geological Survey Circ. 419, 29 p., 2 pls. 
 
Thornburn, T. H., R. K. Morse, and T. K. Liu (1966), “Engineering Soil Report:  Livingston 
 County, Illinois”, Univ. of IL Engr. Exp. Sta. Bull. 482, 128 p. 
 
Willman, H. B., and J. N. Payne (1942), “Geology and Mineral Resources of the Marseilles, 
 Ottawa, and Streator Quadrangles”, Illinois State Geological Survey Bull. 66, 
 388 p., 30 pls. 
 
 
 
 

 
District # 4 

 
 
Anderson, R. C., and R. E. Hunter (1965), “Sand and Gravel Resources of Peoria County”, 
 Illinois State Geological Survey Circ. 381, 16 p., 1 pl. 
 
Barows, H. H. (1910), “Geography of the Middle Illinois Valley”, Illinois State Geological Survey 
 Bull. 15, 128 p., 16 pls. 
 
 
Harvey, R. D. (1964), “Mississippian Limestone Resources in Fulton, McDonough, and 
 Schuyler Counties, Illinois”, Illinois State Geological Survey Circ. 370, 27 p. 
Hinds, H. H. (1919), “Colchester-Macomb Quadrangles, Illinois”, Geologic Atlas of the 
 U.S., Folio 208, U.S. Geol. Surv. 14 p. 
 
Horberg, L. (1956), “Pleistocene Deposits Along the Mississippi Valley in Central-Western 
 Illinois”, Illinois State Geological Survey Rept. of Inv. 192, 39 p., 1 pl. 
 
Horberg, L., T. E. Larson, and Max Suter (1950), “Groundwater in the Peoria Region”, 
 Illinois State Geological Survey Bull. 75, 128 p. 
 
Hunter, R. E. (1966), “Sand and Gravel Resources of Tazewell County, Illinois”, Illinois State 
 Geological Survey Circ. 399, 22 p., 1 pl. 
 
Leighton, M. M. (1926), “A Notable Type Pleistocene Section - The Farm Creek Exposure 
 Near Peoria, Illinois”, Illinois State Geological Survey Rept. of Inv. 11, 15 p. 
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Savage, T. C. (1921), “The Geology and Mineal Resources of the Avon and Canton 
 Quadrangles”, Illinois State Geological Survey Bull. 38B, 68 p., 1 pl. 
 
Savage, T. E., and M. L. Nebel (1921), “Geology and Mineral Resources of the LaHarpe and 
 Good Hope Quadrangles”, Illinois State Geological Survey Bull. 43A,. 89 p., 1 pl. 
 
Savage, T. E., and J. A. Udden (1921), “Geology and Mineral Resources of the Milan and 
 Edgington Quadrangles”, Illinois State Geological Survey Bull. 38C, 68 p., 1 pl. 
 
Searight, T. K., and W. H. Smith (1960), “Strippable Coal Reserves of Illinois, Part 5B - 
 Mercer, Rock Island, Warren, and parts of Henderson and Henry Counties”, Illinois State 
 Geological Survey Circ. 439, 24 p., 2 pls. 
 
Smith, W. H., and D. J. Berggren (1963), “Strippable Coal Reserves of Illinois, part 5A - 
 Fulton, Henry, Knox, Peoria, Stark, Tazewell, and parts of Bureau, Marshall,  
 Mercer, and Warren Counties”, Illinois State Geological Survey Circ. 348, 59 p., 4 pls. 
 
Wanless, H. R. (1929), “Geology and Mineral Resources of the Alexis Quadrangle”, Illinois 
 State Geological Survey Bull. 57, 230 p., 6 pls. 
 
Wanless, H. R. (1957), “Geology and Mineral Resources of the Beardstown, Glasford,  
 Havana, and Vemont Quadrangles”, Illinois State Geological Survey Bull. 82, 233 p. 
 
 
 
 
 

District # 5 
 
 
Hester, N. C., and R. C. Anderson (1969), “Sand and Gravel Resources of Macon County, 
 Illinois”, Illinois State Geological Survey Cir. 446, 16 p. 
 
Hunt, C. S., and J. P. Kempton (1977), “Geology for Planning in DeWitt County, Illinois”, Illinois 
 State Geological Survey EGN 83, 42 p. 
Jacobson, R. J., and L. E. Bengal (1981), “Strippable Coal Resources of Illinois - Part 7- 
 Vermilion and Edgar Counties”, Illinois State Geological Survey Cir. 521, 24 p. 
 
Wickham, J. T. (1979), “Glacial Geology of North-Central and Western Champaign County, 
 Illinois”, Illinois State Geological Survey Cir. 506, 30 p. 
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District # 6 
 
 
Ball, J. R. (1958), “The Physiography and Surficial Geology of the Carlinville Quadrangle, 
 Illinois”, Illinois State Geological Survey Circ. 32, 5 p. 
 
Ball, J .R. (1952), “Geology and Mineral Resources of the Carlinville Quadrangle”, Illinois 
 State Geological Survey Bull. 77, 147 p., 7 pls. 
 
Barrows, H. H. (1910), “Geography of the Middle Illinois Valley”, Illinois State Geological Survey 
 Bull. 15, 128 p., 16 pls. 
 
Baxter, J. W. (1970), “Limestone and Dolomite Resources of Jersey County, Illinois”, Illinois 
 State Geological Survey Circ. 488, 28 p., 1 pl. 
 
Baxter, J. W. (1972), “Limestone Resources of Scott County, Illinois”, Illinois State Geological 
 Survey Circ. 472, 24 p., 1 pl. 
 
Bergstrom, R. E., K. Piskin, and L. R. Follmer (1976), “Geology for Planning in the Springfield- 
 Decatur Region, Illinois”, Illinois State Geological Survey Cir. 497, 76 p. 
 
Clegg, K. E. (1961), “Subsurface Geology and Coal Resources of the Pennsylvania System- 
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GLOSSARY 

Of Soils Terms 
 
 
ASTM D 653 - 97 presents a comprehensive list of definitions which were prepared jointly by the 
American Society of Civil Engineers and the American Society for Testing and Materials.  
Therefore, this Glossary is only intended to define soils terms which are not included in ASTM D 
653 - 97. 
 
 
Accretion - A slow addition of the land which is created by deposition of water-borne deposits. 
 
Argillaceous - Soils which are predominantly clay, or abounding in clay or clay-like materials. 
 
Beach Ridge - Ridge of sand, or coarser grained material representing an old shoreline. 
 
Blowout - A hollow eroded in and adjacent to a sand dune, by the wind. 
 
Bluff - A bold, steep headland or promontory.  A high, steep bank or low cliff.  An almost 
vertically rising topographic feature, with a broad, flat, or rounded front. 
 
Bog Soil - A soil with a muck or peat surface, underlain by peat. 
 
Brown Forest Soil - A soil with dark brown surface horizon, relatively rich in humus, grading 
gradually into a gray calcareous parent material; developed under deciduous forest, in 
temperate humid regions. 
 
Brunizem - A soil group having thick brownish-black (or very dark brown) A1 horizon, grading 
into a brownish B horizon, which may or may not be mottled.  These soils were formed under 
tall grass vegetation, in cool - temperate regions, and were formerly called Prairie Soils. 
 
Calcareous - Soil containing sufficient calcium carbonate, usually from limestone, to effervesce 
when treated with hydrochloric acid. 
 
Catena - A group of soils, within one region, developed from similar parent material; but 
differing in characteristics of the solum, owing to differences of relief or drainage. 
 
Cemented-Cementation - A condition occurring when the soil grains or aggregates are caused 
to adhere firmly, and are bound together by some material that acts as a cementing agent (as 
colloidal clay, iron, silica, aluminum hydrates, calcium carbonate, etc.).  The degree of 
cementation, or the persistence of the cementation should be indicated. 
 
 Indurated - A soil cemented into a very hard mass that will not soften or lose its firmness 

when wet, and which requires much force to cause breakage.  Rock-like. 
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 Firmly Cemented - Cemented material, of appreciable strength, requiring considerable 
force to rupture the mass.  Usually breaks with clean, but irregular fractures into hard 
fragments. 

 
 Weakly Cemented - Cemented material that is not strong, and the aggregates can be 

readily broken into fragments with a (more or less) clean fracture. 
 
Chert - A very hard amorphous or cryptocrystalline rock, a form of silica or quartz (much the 
same as flint), which breaks into sharp angular fragments.  Chert (or flint), in places, is a 
component (in important proportions) of the gravel, of outwash plains and moraines. 
 
Classification (Soils) - 
 
 Pedological - A systematic arrangement based upon characteristics of soils in-situ, 

including consideration of geological, physical, chemical, and genetic characteristics of the 
profile.  In the pedological system, soils are classified according to the soil type; and the 
type is determined by the soil series and class.  For example, "Miami loam" is the type 
name for a soil which is in the Miami series, and in which the topsoil is texturally a loam. 

 
 Engineering - An arrangement of soils into groups, based primarily upon characteristics 

which influence the engineering behavior of soil.  The most widely used engineering soil 
classifications, in current use, are the AASHTO M 145 system and the ASTM  D 2487 
(USCS) system. 

 
Claypan - Compact horizons or layers of soil which are high in clay content, and separated 
(more or less) abruptly from the overlying horizon.  It is not cemented, and will flow together 
when wetted. 
 
Colluvium - Heterogeneous deposits of rock fragments and soil material accumulated at the 
base of comparatively steep slopes through the influence of gravity, including:  creep and local 
wash. 
 
Compact - A soil that is dense and firm, but without any cementation. 
 
Complex - A term used in detail soil mapping for those soil associations or parts of soil 
associations that are shown together as one, because of the limitations imposed by the scales 
used in soil mapping. 
 
Crust - A brittle layer of hard soil formed on the surface of many soils, when dry. 
 
Degradation - The breakdown of soil particles beyond the natural size of the individual grains, 
by mechanical action.  Also, used in pedology to indicate major changes in soil profiles resulting 
from excessive leaching. 
 
Delta - An alluvial deposit at the mouth of a stream which empties into a lake or ocean. 
 
Dense - A soil mass in which a relatively small proportion of the total volume consists of pore 
spaces, with an absence of any large pores or cracks.  See Porosity. 
 
Desiccated - Deprived or exhausted of moisture. 
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Diamicton - Till deposit which has been reworked as it melted out at or near the margin. 
 
Drainage, Soil - Refers to the rapidity and extent of the removal of water from the soil, 
especially by surface runoff and by flow through the soil.  The following terms are used to 
describe soil drainage:  good, fair, poor, and very poor.  Their meanings are given in Chapter 2, 
Section 2.1.4.1. 
 
Drift (Glacial) - Consists of all the material picked up, mixed, disintegrated, transported, and 
deposited through the action of glacial ice; or of water resulting primarily from the melting of 
glaciers. 
 
Drumlin - Drumlins are smooth, elongated hills composed of till.  Drumlins formed when till was 
deposited in a depression on the protected side of a rock hill.  As the glacier advanced, it 
eroded the rock hill but was forced to glide over the drumlin.  After the ice retreated, the drumlin 
became the high point in the area.   
 
Dune Sand - Areas of wind-drifted sand in dunes, hummocks, and ridges; usually free from 
vegetation, and undergoing active erosion and redeposition by winds.  The term “dune” may 
continue to be applied after the sand has been stabilized by a cover of vegetation. 
 
Eluviation-Eluvial - The movement of soil material from one place to another within the soil, by 
solution or suspension.  Horizons that have lost material through eluviation are referred to as 
eluvial, and those that have received material as illuvial.  Eluviation may take place downward 
or sidewise, according to the direction of water movement.  As used, the term refers especially, 
but not exclusively, to the movement of colloids; whereas, leaching refers to the complete 
removal of material in solution. 
 
Eolian - Soils formed from materials transported and deposited by wind.  The group includes 
not only the areas of windblown sands usually associated with sand dunes, but also large areas 
of the silty material known as loess. 
 
Erosion (Land) - The wearing away of land surface by running water, wind, or other geological 
agents; including such process as gravitational creep. 
 
 Sheet - Removal of a (more or less) uniform layer of material from the land surface.  

Frequently, in sheet erosion, the eroding surface consists of numerous, very small rills. 
 
 Rill - That type of accelerated erosion by water, that produces small channels that can be 

obliterated by tillage. 
 
 Gully - That type of accelerated erosion, which produces channels larger than rills.  

Ordinarily, these erosion-produced channels carry water only during and immediately after 
rains, or following the melting of snow.  Gullies are deeper than rills, and are not obliterated 
by normal tillage. 

 
Erratic - A stone or boulder that has been carried from its place of origin by a glacier, and left 
stranded on, or surrounded by, completely different types of material.   
 
Esker - A stratified deposit composed of a layer of gravel beneath a mound of sand or silt.  The 
snake-shaped deposit was formed when streams eroded a tunnel out of a stagnant ice.  This 
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tunnel was then filled or partially filled with material deposited by the streams.  As the glacier 
melted,  it deposited the material in the tunnel as a steep-walled ridge of sand or gravel.   
 
Field Moisture - The water that soil contains under field conditions. 
 
Filter (Protective Filter) - A layer (or combination of layers) of pervious materials designed and 
installed in such a manner as to provide drainage; yet, prevent the movement of soil particles 
due to flowing water. 
 
Flocculate - To aggregate individual particles in small clusters; usually refers to colloidal 
particles. 
 
Forest Soil - A general name for a soil developed primarily under coniferous, deciduous, or 
mixed forest; includes such pedologic soil groups as Brown Forest, and Gray-Brown Podzolic. 
 
Fragipan - Highly compact soil horizons, high in content of sands, but relatively low in clay.  
When dry, the horizons are hard, but the induration disappears upon moistening.  Sufficiently 
impermeable to retard downward movement of water, and impenetrable enough to cause 
flattening of tree roots. 
 
Friable - A soil that can be readily ruptured and crushed with the application of moderate force.  
Easily pulverized, or reduced to crumb or granular structure. 
 
Glacio-Fluvial - Glacial drift deposited by streams from melting glaciers.  Such deposits occur 
in old glacial drainage channels or as outwash plains, deltas (representing deposition by 
streams flowing into glacial lakes).  Eskers and kames are also examples of glacio-fluvial 
deposition.  See Outwash, Delta, Esker and Kame. 
 
Gley - A sticky, bluish-gray clay layer formed under the influence of high soil moisture. 
 
Granular - Coarse-grained materials, having no cohesion, which derive their resistance to 
displacement from internal stability. 
 
Gravitational Water (Free Water) (Ground Water) (Phreatic Water) - Water that is free to 
move through a soil mass, under the influence of gravity. 
 
Gray-Brown Podzolic Soil - A group of soils having a comparatively thin organic covering and 
organic-mineral layers, over a grayish-brown leached layer (A2 horizon), resting upon a brown, 
blocky, illuvial B horizon; developed under deciduous forest in a temperate, moist climate. 
 
Gritty - Containing a sufficient amount of angular grains of coarse sand or fine gravel to 
dominate the “feel”.  Usually, applied to medium textured soils (loams) where the actual quantity 
of these coarse grains is quite small. 
 
Hard - A soil which is very resistant to forces causing rupture or deformation.  The soil mass is 
dense, and cannot be indented by the thumb or finger.  The water content is near the shrinkage 
limit. 
 
Humic Gley Soil - A group of soils with thick, black (to brownish black) “A” horizons, mottled 
gray (or olive-colored) “B” horizons (gley); developed under a vegetation of grass, sedges, and 
rushes with restricted drainage in humid (to sub-humid) temperate climate. 
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Igneous Rock - Rocks formed by crystallization of a molten magma, as those formed deep 
within the earth and crystalline throughout (intrusive rocks); and those that have poured out over 
the earth's surface, or have been blown as fragments into the air (extrusive rocks).  Rocks of 
intermediate character occur as dikes (i.e., a long mass of igneous rock that cuts across the 
structure of adjacent rock), intrusive sheets, or stocks (i.e., a body of intrusive igneous rock of 
which less than 100 km2 (40 mi2) is exposed). 
 
Illuviation - Illuvial - A process of accumulation, by deposition of percolating waters of material 
transported in solution or suspension.  Horizons in which material has been deposited, by 
illuviation. 
 
Indurated - Rendered hard by heat, pressure or cementation.  Relative degree of hardness 
(e.g., poorly indurated, moderately indurated, or well indurated).  See Cemented-Cementation. 
 
Infiltration - The downward entry of water, or other material into the soil. 
 
Kame - A low steep-sided hill of stratified material, consisting of stream deposits left in a hole or 
crevasse, in a block of stagnant ice.  When the ice melted, the kame became the highest point 
in the area.   
 
Kettle - A depression left in a glacial drift, formed by the melting of an isolated block of glacial 
ice.  See Pot Hole.  
 
Lacustrine Soil - Soil forms from materials deposited in the water of lakes and ponds. 
 
Laminated - An arrangement of the soil in very thin plates or layers, lying horizontally or parallel 
to the soil surface. 
 
Leaching - The removal of soluble soil material and colloids, by percolating water. 
 
Lens - A body of sediment (commonly sand or clay) that is thick in the middle and thinning 
towards the edges. 
 
Limestone - A general name for sedimentary rocks, composed essentially of calcium 
carbonate. 
 
Lithosol - A group  of soils with little  (or no) profile development, consisting usually of a thin “A” 
horizon over a “C” horizon, composed of an imperfectly weathered mass of rock. 
 
Loose - A soil with particles that are independent of each other, or are weakly cohering; with a 
maximum of pore space, and a minimum resistance to forces tending to cause rupture. 
 
Massive - A soil mass showing no evidence of any distinct arrangement of soil particles.  
Structureless.  May be found in soils of any texture.  May also be applied to rock masses 
showing little (or no) evidence of stratification, foliation, or structure. 
 
Mature Soil - A soil with well developed characteristics, produced by the natural process of soil 
formation, and in equilibrium with its environment. 
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Metamorphic Rock - A rock, the constitution of which has undergone pronounced alteration, 
due to recrystallization.  Such changes are, generally, affected by the combined action of 
pressure, heat, and water.  Frequently, the result is a more compact, and more highly crystalline 
condition of the rock.  Gneiss, schist, slate, and marble are common examples. 
 
Mineral Soil - A soil composed chiefly of inorganic matter, in contrast to a soil composed largely 
of organic matter; such as, peat or muck. 
 
Moraine - An accumulation of drift deposited by glaciers.  The term End Moraine or Terminal, 
commonly, refers to hills and ridges, either extensive bold upland masses or low subdued 
elevations, marking places where the receding ice front remained stationary, for variable periods 
of time.  The drift is unstratified (or only crudely stratified) and often consists of a heterogeneous 
mixture of sands, gravel, boulders, silt, and clay ("till").  Seams, beds, or lenses of water-sorted 
materials may be locally present in end moraines. 
 
 
Mottled (Variegated) - Irregularly marked with spots of different colors. 
 
Organic Matter - The more (or less) decomposed material of the soil derived from organic 
sources, usually from plant remains.  The term "organic matter" covers such material in all 
stages of decay. 
 
Outwash - Stratified accumulation of water deposited drift.  The material is laid down by the 
meltwater streams issuing from the face of the glacial ice.  Usually, laid out in a nearly level 
plain called an “outwash plain”.  If the glacier happens to be melting in valley, the outwash 
deposit is called a “valley train”.  Sometimes used to mean any water deposited material carried 
and laid down by streams. 
 
Peat - Organic matter consisting of undecomposed (or slightly decomposed) plant material 
accumulated under condition of excessive moisture.  If the organic remains are sufficiently fresh 
to identify plant forms, it is considered peat; if decomposition has gone so far as to make 
recognition of the plant forms impossible, it is muck. 
 
 Fibrous - Partially decomposed remains of mosses, sedges, reeds, and rushes; high in 

moisture holding capacity. 
 
 Sedimentary - Sedimentary peat usually collects in deep water, and is usually found deep 

in a profile.  It is derived, from the remains of water lilies, pond weed, pollen, plankton, etc.  
The sedimentary peat is highly colloidal, and quite compact and rubbery.  It is olive-green in 
its natural state, but turns black upon exposure to the air. 

 
 Woody - The partially decomposed remains of deciduous and coniferous trees, and their 

undergrowth.  Woody peat is usually loose and non-fibrous in character. 
 
Pedology - The scientific study of the origins, characteristics and uses of soils. 
 
Phase - A subdivision of the soil type covering departures from the typical soil characteristics, 
insufficient to justify the establishment of a new soil type; yet, worthy of recognition.  Phase 
variation may include color, texture, structure, topography, drainage, or any other feature of 
deviation from the typical. 
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Planasol - A group of soils with highly leached, usually gray, “A2” horizons resting abruptly on 
dense, “B” horizons which are very plastic and sticky when wet, hard when dry, and slowly 
permeable.  This group of soils developed on nearly flat upland surface, under grass or forest 
vegetation, in a humid (to sub-humid) climate. 
 
Plastic - A clay soil readily deformed without rupture.  Pliable but cohesive, it can be molded 
rather easily, and rolled to threads 3 mm (1/8") in diameter without crumbling.  The water 
content is in the lower range, between the plastic and the liquid limits. 
 
Porous - A soil mass in which a large proportion of the mass consists of voids or pore spaces.  
See Porosity. 
 
Pot Hole - A small basin depression common in outwash plains and moraines, often containing 
a lake or peat bog.  Also, called "kettle" or "kettlehole”.  Also, as a geological term, a very small 
basin worn in the rock of a stream bed, by eddies whirling a stone or gravel. 
 
Prairie Soil - A general name for a soil developed under tall grass in temperate, relatively 
humid climate; as formerly used, equivalent to the Brunizem soil group, but in the general sense 
might include other grassland soils.  See Brunizem. 
 
Red-Yellow Podzolic Soil - A group of soils having a thin organic covering and organic mineral 
layers over a yellow-brown, leached layer “A2”, which rests on a red, illuvial “B”; developed 
under a deciduous (or mixed deciduous) and coniferous forest in a warm, temperate, moist 
climate. 
 
Regosol - A group of soils that consist mainly of soft (or unconsolidated) mineral materials,  
which have no clearly developed soil profiles.  They include such materials as beach sand, 
dune sand, etc. 
 
Relief - The elevations or inequalities of a land surface considered collectively. 
 
Rock Flour - A fine-grained soil, usually sedimentary, of low plasticity and cohesion.  Particles 
are usually in the lower range of silt sizes.  At high moisture contents, it may become "quick" 
under the action of traffic. 
 
Saturated - All soil voids filled with water; zero air voids. 
 
Sedimentary Rock - Rock composed of lithified sediments.  May be formed mechanically, 
chemically, or organically. 
 
• Rocks such as conglomerate, sandstone, and shale formed of fragments of other rocks; 

transported from their source, and deposited in water. 
  
• Rocks formed by precipitation from solution; such as, rock salt, gypsum, and limestone. 
  
• Rocks forms from secretion of organisms; such as, limestone. 
 
Sharp - Containing angular particles, in sufficient amount, to dominate the “feel”.  Abrasive. 
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Siliceous - Soils which are predominantly composed of, or abounding in silica (or silicate 
particles) chiefly sand-sized, or matrix. 
 
Sinkhole - Closed depression in earth's surface formed by subsidence of soil into holes, in 
underlying soluble rock.  The underlying rock is, generally, limestone; and the holes have 
resulted from erosion, due to solution by ground water. 
 
Slickenside - When large shear displacements occur within a narrow zone, in an 
overconsolidated clay layer or slope, the clay particles become oriented along the direction of 
shear, and a polished surface or slickenside forms.  In some cases, the large shear 
displacements occur as a progressive failure over a period of time. 
 
Soil Map - A representation designed to portray the distribution of soil types, phases, and 
complexes, as well as other selected cultural and physical features of the earth's surface. 
 
Soil Separate - The individual size groups of soil particles; such as, sand, silt, and clay. 
 
Soil Series - A group of soils having the same character of profile (the same general range in 
color, structure, texture, and sequence of horizons), the same general conditions of relief and 
drainage, and usually, a common or similar origin and mode of formation.  A group of soil types 
closely similar in all respects, except the texture of surface soils.  While the soil type is the unit 
of soil mapping, the series is the most important in soil classification (as it expresses in full the 
profile differences). 
 
Soil Type - A soil which has relatively uniform profile characteristics throughout the full extent of 
its occurrence.  The unit of soil mapping.  The name of the soil type is a combination of a series 
name, and the textural classification of the surface soil.  For example, Fox Sandy Loam.  See 
Classification. 
 
Solifluction - Saturated soil flowing down the surface of a slope; a mud flow characteristic of 
soils in high latitudes.  See creep. 
 
Solonetz Soil - A group of soils having a surface horizon of friable soil underlain by a dark, hard 
(when dry) type of soil.  Solonetz soils usually have a columnar structure, and are highly 
alkaline; developed under grass or shrub vegetation; most commonly, in a sub-humid to semi-
arid climate, but sometimes in a humid region. 
 
Solum - The upper part of the soil profile, above the parent material in which the processes of 
soil formation are taking place.  In mature soils, this includes the A and B horizons.  The 
character of the material may be, and usually is, greatly unlike that of the parent material 
beneath. 
 
Stratified - Composed of, or arranged in strata or layers; such as, stratified alluvium.  The term 
is applied to geological materials.  Those layers in soils that are produced by the processes of 
soil formation are called horizons, while those inherited from the parent material are called 
strata. 
 
Substratum - The C horizons.  In most cases, the substratum is the deeper, unweathered 
parent material.  In some soils, it may be material quite distinct in character from that which 
weathered to form the overlying soil mass.  In recent soils where distinct A or B horizons may 
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not exist, it usually is applied to strata distinctly different in color, texture, or structure from the 
upper layers. 
 
Transitional Soil - Soil that does not clearly belong to any important soil group or series with 
which it is associated, but has some properties of each. 
 
Transported Soils - Soils moved and transported (by various agencies) from their point of 
origin, and deposited in a new location. 
 
 Colluvial - Soils moved by the action of water. 
 
 Water-formed - Soils moved by the action of water. 
 
 • Marine or sea-laid soils formed at the mouths of rivers, along sea coasts, salt marshes, 

bar, etc. 
 
 • Lacustrine or lake-laid soils occur as beds of extinct lakes, beaches and terraces, 

remains of old water levels and shores. 
 
 • Alluvial or stream-laid soils deposited along streams, the first bottom or present flood 

plain, the second bottom or terrace lands exposures due to change of river bed, deltas, 
etc. 

 
 • Glacial - Soil formed from parent material that has been deposited by glacial activity. 
 
 • Loessial - Soils deposited by the action of wind.  Fine grained soils, loess, dune 

sands, etc. 
 
Varves - A paired arrangement of layers (in water-deposited materials) reflecting seasonal 
changes during deposition.  The fine sand and silt, or rock flour, are deposited in the glacial lake 
during the summer season; and the finer clayey particles are usually deposited in a thinner layer 
during the winter. 
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